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CHEMISTRY 


Class-XII (Code No. 043) (2021-22) 





Chemistry Theory and Practical course will be done in two terms. Each term will be assessed individually. 


Syllabus assigned for Term-1 (Theory) 


Time: 90 Minutes Max Marks: 35 
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Solid State 8 Periods 


Classification of solids based on different binding forces: molecular, ionic, covalent and metallic solids, 
amorphous and crystalline solids (elementary idea). Unit cell in two dimensional and three dimensional 
lattices, calculation of density of unit cell, packing in solids, packing efficiency, voids, number of atoms 
per unit cell in a cubic unit cell, point defects. 





Solutions 8 Periods 


Types of solutions, expression of concentration of solutions of solids in liquids, solubility of gases 
in liquids, solid solutions, Raoult's law, colligative properties-relative lowering of vapour pressure, 
elevation of boiling point, depression of freezing point, osmotic pressure, determination of molecular 
masses using colligative properties. 


p-Block Elements 7 Periods 


Group-15 Elements: General introduction, electronic configuration, occurrence, oxidation states, 
trends in physical and chemical properties; Nitrogen preparation properties and uses; compounds of 
Nitrogen: preparation and properties of Ammonia and Nitric Acid. 


Group 16 Elements: General introduction, electronic configuration, oxidation states, occurrence, 
trends in physical and chemical properties, dioxygen: preparation, properties and uses, classification 
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of Oxides, Ozone, Sulphur -allotropic forms; compounds of Sulphur: preparation properties and uses of 
Sulphur-dioxide, Sulphuric Acid: properties and uses; Oxoacids of Sulphur (Structures only). 


Group 17 Elements: General introduction, electronic configuration, oxidation states, occurrence, 
trends In physical and chemical properties; compounds of halogens, Preparation, properties and uses 
of Chlorine and Hydrochloric acid, interhalogen compounds, Oxoacids of halogens (structures only). 


Group 18 Elements: General introduction, electronic configuration, occurrence, trends in physical and 
chemical properties, uses. 


Haloalkanes and Haloarenes 9 Periods 


Haloalkanes: Nomenclature, nature of C—X bond, physical and chemical properties, optical rotation 
mechanism of substitution reactions. 


Haloarenes: Nature of C-X bond, substitution reactions (Directive influence of halogen in 
monosubstituted compounds only). 


Alcohols, Phenols and Ethers 9 Periods 


Alcohols: Nomenclature, methods of preparation, physical and chemical properties (of primary 
alcohols only), identification of primary, secondary and tertiary alcohols, mechanism of dehydration. 


Phenols: Nomenclature, methods of preparation, physical and chemical properties, acidic nature of 
phenol, electrophillic substitution reactions, uses of phenols. 


Ethers: Nomenclature, methods of preparation, physical and chemical properties, uses. 


Biomolecules 8 Periods 


Carbohydrates: Classification (aldoses and ketoses), monosaccahrides (glucose and fructose), 
D-L configuration 


Proteins: Elementary idea of - amino acids, peptide bond, polypeptides, proteins, structure of proteins- 
primary, secondary, tertiary structure and quaternary structures (qualitative idea only), denaturation of 
proteins. 


Nucleic Acids: DNA and RNA 
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IMPORTANT FORMULAE/BASIC CONCEPTS 


MULTIPLE CHOICE QUESTIONS 
(Including Competency-based MCQs) 


CASE-BASED QUESTIONS 


ASSERTION AND REASONING 











IMPORTANT FORMULAE 


; : i x 
1. Density of unit cell (d) = eee ae = ——— 2 
Volume ofunitcell a XN, 
Ze Table 1.1: Different Parameters of Cubic System 


Unit cell No. of atoms per unit Distance between 
cell nearest neighbour 


(d) 

F d cubi 4 - 
- t =. 
ace-cenired Cubic J2 


Volume occupied by atoms in unit cell (v) 
3. Packing efficiency = —-———————— X 100 
Total volume of the unit cell (V) 





Table 1.2: Packing efficiency of different crystals 


Radius of the cation _ r° 





4. Radius ratio = = 
Radius of the anion / 


Table 1.3: Structural arrangement of different radius ratios of ionic solids 


Radius ratio Possible coordination Structural Examples 
(Ir) number arrangement 


0.155 — 0.225 Trigonal planar 


0.414 — 0.732 Octahedral 
0.732 — 1.0 Body-centred cubic 


5. If is the radius of the spheres in the close packed arrangement, then 
(i) Radius of octahedral void, r= 0.414 R 
(ii) Radius of tetrahedral void, r = 0.225 R 
6. In a close packed arrangement: 
(i) Number of octahedral voids = Number of atoms present in the close packed arrangement. 





“0 
0.225 — 0.414 Tetrahedral ZnS, SiO4 


(ii) Number of tetrahedral voids = 2 x Number of atoms present in the close packed arrangement. 
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MULTIPLE CHOICE QUESTIONS 


Choose and write the correct option in the following questions. 





1. Which of the following conditions favours the existence of a substance in the solid state? 


[NCERT Exemplar] 
(a) High temperature (b) Low temperature 
(c) High thermal energy (d) Weak cohesive forces 
2. Which of the following is not a characteristic of a crystalline solid? [NCERT Exemplar] 


(a) Definite and characteristic heat of fusion. 
(b) Isotropic nature. 


(c) A regular periodically repeated pattern of arrangement of constituent particles in the entire 


crystal. 
(d) A true solid 
3. Which of the following is true about the value of refractive index of quartz glass? 


[NCERT Exemplar] 
(a) Same in all directions (b) Different in different directions 


(c) Cannot be measured (d) Always zero 
4. Which of the following statement is not true about amorphous solids? [NCERT Exemplar] 
(a) On heating they may become crystalline at certain temperature. 
(b) They may become crystalline on keeping for long time. 
(c) Amorphous solids can be moulded by heating. 
(d) They are anisotropic in nature. 
5. The sharp melting point of crystalline solids is due to ; [NCERT Exemplar] 


(a) a regular arrangement of constituent particles observed over a short distance in the crystal 
lattice. 


(b) a regular arrangement of constituent particles observed over a long distance in the crystal 
lattice. 


(c) same arrangement of constituent particles in different directions. 


(d) different arrangement of constituent particles in different directions. 


6. Which one of the following is a covalent crystal? 


(a) Rock salt (b) Ice (c) Quartz (d) Dry ice 
1. Which of the following solids is not an electrical conductor? 
(7) Mg(s) (ii) Ti0(s) 
(iii) 13(s) (iv) HO(s) 


(a) (2) only (b) (t) only (c) (it) and (tv) (d) (22), (222) and (tv) 
8. The number of atoms in a face centred cubic unit cell is 
(a) 2 (b) 4 (c) 5 (4) 6 
9. In a face centred cubic lattice, atom A occupies the corner positions and atom B occupies 


the face centre positions. If one atom of B is missing from one of the face centred points, the 
formula of the compound is: 


(a) AB, (b) ABs (c) A-B; (d) A,B 
10. The total number of tetrahedral voids in the face centred unit cell is 
(a) 6 (b) 8 (c) 10 (d) 12 


11. IfZ is the number of atoms in the unit cell that represents the closest packing sequence—ABC 
ABC, the number of tetrahedral voids in the unit cell is equal to 
Zz 


(a) Z (b) 22 © $ a) $ 
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12. 


13. 


14. 


15. 


16. 


17. 


18. 


19. 


20. 


21. 


ry 


23. 


24. 


25. 


26. 


In which pair most efficient packing is present? 
(a) hcp and bec (b) hcp and cep 
(c) bec and ccp (d) bcc and simple cubic cell 


The fraction of the total volume occupied by the atoms present in a simple cube is 

(a) 77/4 (b) 7/6 (c) 1/(3V2) (d) 17/(4V2) 

A metallic crystal has the bcc type staking pattern. What percentage of volume of this lattice is 
empty space? 

(a) 68% (b) 32% (c) 26% (d) 74% 

A solid compound XY has NaCl structure. If the radius of the cation is 100 pm, the radius of 
the anion (Y`) will be 

(a) 275.1 pm (b) 322.5 pm (c) 241.5 pm (d) 165.7 pm 

AB crystallizes in a body centred cubic lattice with edge length ‘a’ equal to 387 pm. The 
distance between two oppositely charged ions in the lattice is 

(a) 250 pm (b) 200 pm (c) 300 pm (d) 335 pm 

If a stands for the edge length of the cubic systems: simple cubic, body centred cubic and face 
centred cubic, then the ratio of the radius of the spheres in these systems will be respectively 


(a) ba Basten (b) gaV3a ya (c) $a: Li y (d) la:3a:/2a 





Which of the following crystals does not exhibit Frenkel defect? 
(a) AgBr (b) AgCI (c) KBr (d) ZnS 


The type of crystal defect is indicated in the diagram below 


e| oo Rat po 












































(a) Frenkel defect (b) Frenkel and Schottky defect 

(c) Interstitial defect (d) Schottky defect 

Which of the following is true about the charge acquired by p-type semiconductors? 

(a) Positive (b) Neutral 

(c) Negative (d) Depends on concentration of p impurity 


Which among the following shows anisotropy? 


(a) Wood (b) Sugar (c) Glass (d) Sodium chloride 
In hep arrangement, the coordination number of each atom is 

(a) 4 (b) 6 (c) 8 (d) 12 

The number of tetrahedral voids in a unit cell of ccp structure 

(a) 4 (b) 6 (c) 8 (d) 10 

The arrangement ABCABC... refers to 

(a) Hexagonal close packing (b) Tetrahedral close packing 

(c) Cubic close packing (d) Octahedral close packing 
Which one of the following is an amorphous solid? 

(a) Diamond (b) Graphite (c) Common salt (d) Glass 
Which of the following is not the property of crystalline solids? 

(a) Isotropy (b) Sharp melting point 

(c) Strong intermolecular forces (d) A definite and regular geometry 
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28. 


29. 


30. 


31. 


32. 


aos 


34. 


39: 


36. 


Si 


38. 


39. 


40. 


41. 


42. 


43. 


44. 


45. 


46. 


In a ccp arrangement of spheres in three dimensions, the coordination number of each sphere 
is 


(a) 3 (b) 6 (c) 9 (d) 12 

The contribution of an atom at the edge centre of a unit cell is 

(a) $ ©) > © 5 (d) 1 

The closest packing sequence ABAB... represents 

(a) primitive cubic packing (b) hexagonal packing 

(c) fcc packing (d) bcc packing 

The radius of an octahedral void relative to the radius of the spheres in a close packing is 
(a) 1414 (b) 0:225 (c) 0:414 (d) 1:225 

For tetrahedral arrangement, the radius ratio r'/r is 

(a) 0.732 — 1.0 (b) 0.225 — 0.414 (c) 0.414 — 0.732 (d) 0.155 — 0.225 
Which one of the following is a covalent solid? 

(a) Fe (b) Diamond (c) Cu (d) NaCl 

Which one of the following solids is very soft in nature? 

(a) Ionic solid (b) Covalent solid (c) Metallic solid (d) Molecular solid 
The existence of a substance in more than one solid modification is known as 

(a) isomorphism (b) polymorphism (c) amorphism (d) none of these 
Which of the following compounds is not isotropic in nature? 

(a) Rubber (b) Glass (c) PVC (d) Diamond 
Which type of semiconductor is developed by mixing As to Si? 

(a) n-type (b) p-type (c) intrinsic (d) n — p type 
Which of the following substance will be capable of conducting current in the solid state? 
(a) Diamond (b) Graphite (c) Carborundum (d) NaCl 

The type of force that hold iodine molecules in its crystal are 

(a) London force (b) dipole-dipole interaction 

(c) Coulombic force (d) Covalent bond 

Bravais lattices are of 

(a) 7 types (b) 10 types (c) 17 types (d) 14 types 

When NaCl crystal is doped with MgCl, the nature of defect produced is 

(a) Interstitial (b) Schottky (c) Frenkel (d) Impurity 
Which of the following is a pseudo solid? 

(a) CaF, (b) Glass (c) NaCl (d) All of the above 
The number of NaCl molecules in the unit cell of the crystal is 

(a) 2 (b) 4 (c) 6 (d) 8 

The presence of Frenkel defects in a crystal its density. 

(a) decreases. (b) increases. 

(c) does not change. (d) either increase or decrease. 

Number of particles in the unit cell of simple cube is 

(a) 1 (b) 2 (c) 3 (d) 4 

The total number of atoms per unit cell of a face centred Cubic crystal is 

(a) 1 (b) 2 (c) 3 (d) 4 


Lithium has a bcc structure. Its density is 530 kgm” and its atomic mass is 6.94 g mol’. The 
edge-length of a unit cell of (N, = 6.02 x 10° mol") lithium metal is- 
(a) 527 pm (b) 264 pm (c) 154 pm (d) 352 pm 
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47. 


48. 


49. 


50. 


51. 


52. 


Do. 


54. 


55. 


56. 


57. 


58. 


59. 


60. 


61. 


The ionic radii of A* and B” ions are 0.98 x 107° m and 1.81 x 10™™° m. The coordination 
number of each ion in AB is 

(a) 8 (b) 2 (c) 6 (4) 4 

The correct statement regarding defects in crystalline solid is 

(a) Frenkel defects decrease the density of crystalline solids. 

(b) Frenkel defect is a dislocation defect. 

(c) Frenkel defect is found in halides of alkali metals. 

(d) Schottky defects have no effect on the density of crystalline solids. 


A given metal crystallises out with a cubic structure having edge length of 361 pm. If there are 
four metal atoms in one unit cell, then the radius of one atom is 

(a) 80 pm (b) 108 pm (c) 40 pm (d) 128 pm 

A metal has a fcc lattice. The edge length of the unit cell is 404 pm. The density of the metal 
is 2.72 g cm”. The molar mass of the (N 4 Avagadro’s constant = 6.02 Xx 107° mol’) metal is 
(a) 27 g mol" (b) 20 g mol! (c) 40 g mol" (d) 30 g mol” 

Structure of a mixed oxide is cubic close packed (ccp). The cubic unit cell of mixed oxide is 
composed of oxide ions. One fourth of the tetrahedral voids are occupied by divalent metal A 
and the octahedral voids are occupied by a monovalent metal B. The formula of the oxide is 
(a) ABO» (b) ABO» (c) AgBsO4 (d) AB209 

A metal crystallies with a face-centered cubic lattice. The edge of the unit cell is 408 pm. The 
diameter of the metal atom is 


(a) 288 pm (b) 408 pm (c) 144 pm (d) 204 pm 
The number of octahedral voids per atom present in a cubic close-packed structure is 
(a) 1 (b) 3 (c) 2 (d) 4 


Lithium metal crytallises in a body-centered cubic crystal. If the length of the side of the unit 
cell of lithium is 351 pm, the atomic radius of lithium will be 


(a) 151.8 pm (b) 75.5 pm (c) 300.5 pm (d) 240.8 pm 

Copper crystallises in a face-centered cubic lattice with a unit cell length of 334 pm. What is 
the radius of copper atom in pm? 

(a) 157 (b) 181 (c) 108 (d) 118 

With which one of the following elements silicon should be doped so as to give p-type of 
semiconductor? 

(a) Selenium (b) Boron (c) Germanium (d) Arsenic 

If NaCl is doped with 10% mol% of SrCl,, the concentration of cation vacancies will be 

(a) 6.02 x 10! mol! (b) 6.02 x 10!’ mol! (c) 6.02 x 10'* mol! (d) 6.02 x 10** mol! 


The fraction of total volume occupied by atoms present in a simple cube is 








TU T T T 
b ra a) = 
@ 35 © I7 o7 a) 3 
The appearance of colour in solid alkali metal halides in generally due to 
(a) Interstitial positions (b) F-centres 
P 
(c) Schottky defect (d) Frenkel defect 


CsBr crystallises in a body centered cubic lattice. The unit cell length is 436.6 pm. Given that 
the atomic mass of Cs = 133 and that of Br = 80 amu and Avogadro number being 6.02 x 10*° 
mol’, the density of CsBr is 

(a) 8.50 g/cm? (b) 42.5 g/cm? (c) 0.425 g/cm? (d) 8.25 g/cm? 

A compound formed by elements X and Y crystallises in a cubic structure in which the X 
atoms are at the corners of a cube and the Y atoms are at the face-centres. The formula of the 
compound is 


(a) XY, (b) X,Y (c) XY (d) XY, 
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62. 


63. 


64. 


65. 


66. 


67. 


68. 


69. 


70. 


ahs 


i. 


73. 


74. 


‘C’ represents the height of the HCP unit cell and ‘a’ represent edge length of the hexagonal 


surface of the HCP unit cell. The value of = is 


a) J> w JŠ © JÊ a ft 


With respect to graphite and diamond, which of the following statement given below is correct? 
(a) Graphite is harder than diamond. 

(b) Graphic has higher electrical conductivity than diamond. 

(c) Graphite has higher thermal conductivity than diamond. 

(d) Graphite has lower C—C bond order than diamond. 

The INCORRECT statement for cubic close packed (ccp) three-dimensional structure is 

(a) The number of neighbours of an atom present in the topmost layer is 12. 

(b) The efficiency of the atom packing is 74%. 

(c) The number of octahedral and tetrahedral voids per atom are | and 2 respectively. 

(d) The unit cell edge length is 9/2 times the radius of the atom. 

KCI crystallises in the same type of lattice as does NaCl. Given that ry,+/rc- = 0.55 and 


rgt/rcor = 0.74. The ratio of the side of the unit cell of KCI to that of NaCl is 
(a) 1.123 (b) 0.414 (c) 0.891 (d) 1.414 


Experimentally it was found that a metal oxide has formula M, ,,O. Metal M is present as M** 
and M°* in its oxide. Fraction of the metal which exists as M°* would be 


(a) 5.08% (b) 7.01% (c) 4.08% (d) 6.05% 
The crystal with metal deficiency defect is 
(a) NaCl (b) FeO (c) KCl (d) ZnO 


A metal has a fcc lattice. The edge length of the unit cell is 540 pm. The density of the metal 
is 2.72 gcm”. The molar mass of the metal is 
(N,, Avogadro’s constant = 6.02 X 10° mol") 
(a) 40 g mol" (b) 30 g mol” (c) 64 g mol" (d) 20 g mol” 
CsCl crystallises in body-centered cubic lattice. If ‘a’ is its edge length then which of the 
following expressions is correct? 

_ 3a V3 


la) m+ + fro- = V3a (b) Tot Ffo- = 3a (c) Tot tro- = 9 (d) Too t %y- = “9 4 


Sodium metal crystallizes in a body-centered cubic lattice with a unit cell edge of 4.29 A. The 
radius of sodium metal is approximately 

(a) 5.724 (b) 0.93 A (c) 1.86 Å (d) 3.22 Å 

A metal crystallises in a face centered cubic structure. If the edge length of the unit cell is ‘a’, 
the closest approach between the two atoms in the metallic crystal will be 


(a) 2a © aE (c) 2a (d) 2V2a 
Body centered cubic lattice has a co-ordination number of 
(a) 8 (b) 12 (c) 6 (d) 4 


The number of atoms in 100 g of an fcc crystal with density d = 10 gcm” and cell edge as 
200 pm is equal to 

(a) 3 x 10” (b) 5 x 10% (c) 1 x 10” (d) 2 x 10” 

Ionic solids with Schottky defects contain in their structure 

(a) equal number of cation and anion vacancies. 

(b) 

(c) 


(d) cation vacancies and interstitial cations. 


interstitial anions and anion vacancies. 


cation vacancies only. 
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76. 


T1. 


78. 


79. 


80. 


81. 


82. 


83. 


84. 


85. 


86. 


87. 


88. 


89. 


Which of the following describes the hexagonal close packed arrangement of spheres in 
2-dimension structure? 


(a) ABCABA (b) ABCABC (c) ABABA (d) ABBABB 
The correct order of the packing efficiency in different types of unit cells is 

(a) fec<bcc<simple cubic (b) fcc>bcc>simple cubic 

(c) fec<bcc>simple cubic (d) bec<fcc>simple cubic 

Among solids, the highest melting point is exhibited by 

(a) covalent solids (b) ionic solids 

(c) pseudo solids (d) molecular solids 


In a face centered cubic lattice, atom A occupies the corner positions and atom B occupies the 
face centered positions. If one atom of B is missing from one of the face-centered. points, the 
formula of the compound is 

(a) AB (b) ABs (c) AgBs (4) AB; 

The number of unit cells that are present in a cube shaped ideal-crystal of NaCl of mass 
1.00 g is 

(a) 2.57 x 107! (b) 5.14 x 107" (c) 1.28 x 107? (d) 1.71 x 10” 

An ionic compound has a unit cell consisting of A ions at the corners of a cube and B ion on 
the centre of the body of the cube. The empirical formula for this compound would be 

(a) AB (b) ABs (c) AB (d) AB 

Total volume of atoms present in a face-centered cubic unit cell of a metal is 


(r is atomic radius) 


20 _ 3 24 3 12 3 16 3 
(a) 3 T (b) 3 T (c) g T (d) g T 
The number of unit cells that are divided equally in a face-centred cubic lattice will be 
(a) 2 (b) 4 (c) 6 (4) 8 


A crystalline solid: 

(a) changes abruptly from solid to liquid when heated. 

(b) has no definite melting point. 

(c) undergoes deformation of its geometry easily. 

(d) has irregular 3-dimensional arrangements. 

In a simple cubic, body-centred cubic and face-centred cubic structure, the ratio of the number 
of atoms present is respectively 

(a) 8:1:6 (0) 1:2:4 JaA (d) 4:2:3 

Na and Mg crystallize in crystals of bcc and fcc form respectively. The amount of Na and Mg 


atoms present in their respective crystal unit cells is 


(a) 4 and 2 (b) 9 and 14 (c) 14 and 9 (d) 2 and 4 


Ferrous oxide has a cubic structure and each unit cell edge is 5.0 Å. Assuming the oxide 
density is 4.0 g/cm”, the amount of Fe** and O* ions in each unit cell will be 


(a) four Fe** and four O% (b) two Fe** and four O% 

(c) four Fe** and two O% (d) three Fe** and three O7 

Each of the following solids shows the Frenkel defect except 

(a) ZnS (b) AgBr (c) AgI (d) KCI 

The total no. of voids in 0.5 mol of a compound forming hexagonal close-packed structure are 
(a) 6.022 x 10” (b) 3.011 x 10” (c) 9.033 x 10” (d) 4.516 x 10” 


A compound is formed by cation C and anion A. The anions form hexagonal close packed 
(hcp) lattice and the cations occupy 75% of octahedral voids. The formula of the compound is 


(a) CA3 (b) CsA (c) CA4 (d) CyAs 
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90. A metal crystallises into two cubic faces namely face centered (fcc) and body centered (bcc), 
whose unit cell edge lengths are 3.5 A and 3.0 Å respectively. The ratio of the densities of fcc 
and bcc will be 
(a) 2.1:1 (b) 3.3: 1 (cy) L239: I (d) 2.259: 1 

91. The total number of atoms present in bcc arrangement is 
(a) 2 (b) 4 (c) 6 (d) 1 

92. The number of octahedral voids in a unit cell of ccp structure is 
(a) 2 (b) 3 (c) 4 (d) 6 

93. The largest void is 
(a) triangular (b) cubic (c) tetrahedral (d) octahedral 

94. Close packing is maximum in the crystal lattice of 
(a) fec (b) bec (c) simple cubic (d) none of these 

95. The formula for determination of density of cubic unit cell is 

a” N nxN 3 
a -E () a © =f O mn 

96. In a crystal composed ofn spheres, the total number of tetrahedral voids are 
(a) n/2 (b)n (c) 2n (d) 4n 

97. Which of the following is a molecular solid? 

(a) Graphite (b) Dry ice (c) Sodium chloride (d) Fe 

98. The vacant space in bcc lattice unit cell is 
(a) 48% (b) 23% (c) 32% (d) 26% 

99. Ifa is the length of the side of a cube, the distance between the body centered atom and one 
corner atom in the cube will be 
a) Fra O Ta @ Ba a Sa 

Answers 
1. (b) 2. (b) 3. (a) 4. (d) 5. (b) 6. (c) 7. (c) 8. (b) 
9. (c) 10. (b) 11. (b) 12. (b) 13. (b) 14. (b) 15. (c) 16. (d) 
17. (a) 18. (c) 19. (d) 20. (b) 21. (d) 22. (d) 23. (c) 24. (c) 
25. (d) 26. (a) 27. (d) 28. (b) 29. (b) 30. (c) 31. (b) 32. (b) 
33. (d) 34. (b) 35. (d) 36. (a) 37. (b) 38. (a) 39. (d) 40. (d) 
41. (b) 42. (b) 43. (c) 44. (a) 45. (d) 46. (d) 47. (c) 48. (b) 
49. (d) 50. (a) 51. (d) 52. (a) 53. (a) 54. (a) 55. (d) 56. (b) 
57. (b) 58. (d) 59. (b) 60. (a) 61. (a) 62. (b) 63. (b) 64. (a) 
65. (a) 66. (c) 67. (b) 68. (c) 69. (d) 70. (c) 71. (b) 72. (a) 
73. (b) 74. (a) 75. (c) 76. (b) 77. (b) 78. (d) 79. (a) 80. (d) 
81. (d) 82. (c) 83. (a) 84. (b) 85. (d) 86. (a) 87. (d) 88. (c) 
89. (c) 90. (c) 91. (a) 92. (c) 93. (b) 94. (a) 95. (b) 96. (c) 
97. (b) 98. (c) 99. (d) 
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CASE-BASED QUESTIONS 


1. Read the passage given below and answer the following questions: 


Solid is that form of matter which possesses rigidity and hence a definite shape and a definite 
volume. If intermolecular forces are greater than thermal energy, substances exist as solid. 
Solids can be classified into two types: Crystalline solids and amorphous solids. Crystalline solids 
have regular arrangement of particles, definite geometric shapes, sharp melting points and 
definite heat of fusion. They are anisotropic and undergo clean cleavage. On the other hand, 
amorphous solids have no regular arrangement of particles, irregular shapes, melt over a range 
of temperature, no definite heat of fusion. They are isotropic and undergo irregular cleavage. 
Ionic solids, molecular solids, covalent solids and metallic solids are the types of crystalline solids. 


The following questions are multiple choice questions. Choose the most appropriate answer: 


(i) Solid A is very hard, electrical insulator in solid as well as molten state and melts at 
extremely high temperature. What type of solid is it? 


(a) Ionic (b) Molecular (c) Covalent (d) Metallic 
(ii) Which of the following is a crystalline solid? 
(a) Glass (b) Sodium chloride (c) Rubber (d) Plastic 
OR 


The sharp melting point of crystalline solids is due to 


(a) a regular arrangement of constituent particles observed over a short distance in the 
crystal lattice. 


(b) a regular arrangement of constituent particles observed over a long distance in the crystal 
lattice. 


(c) same arrangement of constituent particles in different directions. 

(d) different arrangement of constituent particles in different directions. 
(iit) Which of the following is not a characteristic of a crystalline solid? 

(a) Definite and characteristic heat of fusion. 

(b) Isotropic nature. 


(c) A regular periodically repeated pattern of arrangement of constituent particles in the 
entire crystal. 


(d) A true solid 
(iv) Which of the following is true about the value of refractive index of quartz glass? 
(a) Same in all directions (b) Different in different directions 


(c) Cannot be measured (d) Always zero 


Answers 


(0) (c) (4) (6) OR —(b) (wz) (b) (v) (a) 


2. Read the passage given below and answer the following questions: 


Any departure from a perfectly ordered arrangement of constituent particles is called defect 
or imperfection. In solids, when the ratio between cations and anions remains the same after 
defect, it is termed as stoichiometric defects. Schottky and Frenkel defects are categorised 
into stoichiometric defects. In Schottky defect equal number of cations and anions are missing 
while in Frenkel defect cations are missing from lattice sites and occupy interstitial sites. In non- 
stoichiometric defects, the ratio of cations and anions changes as a result of the defect. Metal 
excess and metal deficiency defects are non-stoichiometric defects. 
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In these questions (Q. No (i) to (iv)), a statement of assertion followed by a statement of 
reason 1s given. Choose the correct answer out of the following choices. 


(a) Assertion and reason both are correct statements and reason is correct explanation for assertion. 


(b) Assertion and reason both are correct statements but reason is not correct explanation for 
assertion. 


(c) Assertion is correct statement but reason 1s wrong statement. 
(d) Assertion is wrong statement but reason is correct statement. 


(i) Assertion (A): Stoichiometry defects are the point defects that disturb the stoichiometry of 
the solid. 


Reason (R): Stoichiometric defects are also known as thermodynamic defects. 
(ii) Assertion (A): Schottky and Frenkel defects are stoichiometric defects. 


Reason (R): The ratio between cations and anions remains the same in Schottky and 
Frenkel defects. 


(iii) Assertion (A): Frenkel defect is not found in pure alkali metal halides. 
Reason (R): In Frenkel defect, cations are missing from lattice sites. 
OR 
Assertion (A): Zinc oxide turns yellow on heating. 
Reason (R): Zinc oxide shows metal deficiency defect. 
(iv) Assertion (A): NaCl shows metal excess defect due to anionic vacancies. 


Reason (R): Sodium loses electron to from Na” ions and the released electrons occupy 
anionic sites. 


Answers 


14 


(0) (d) (u) (a) (uz) (b) OR (c) (w) (a) 


3. Read the passage given below and answer the following questions: 


A unit cell is the smallest repeating portion of a crystal lattice. The cubic crystal system is 
composed of these different types of unit cells: Simple cubic, body-centred and face-centred. 


In simple cubic unit cell, atoms are only at its corners. So, the total number of atoms in one unit 
, l 
cell is 8 X 37 1 atom. 


In body-centred unit cell, unit cell has an atom at each of its corners and also one atom at its 
body centre. Thus, total number of atom per unit cell: 


l : 
(8 corners X g per corner atom) unit cell + 1 body centre atom = 1 + 1 = 2 atoms 
In face-centred unit cell, unit cell contains atoms at all the corners and at the centre of all the 
faces of the cube. Thus, total number of atoms per unit cell: 
l 


l . 
(8 corners X g per corner atom) + (6 face centred atoms X > per unit cell) = 1 + 3 = 4 atoms. 


2 


In these questions (Q. No (i) to (iv)), a statement of assertion followed by a statement of 
reason is given. Choose the correct answer out of the following choices. 


(a) Assertion and reason both are correct statements and reason is correct explanation for assertion. 


(b) Assertion and reason both are correct statements but reason is not correct explanation for 
assertion. 


(c) Assertion is correct statement but reason is wrong statement. 
(d) Assertion is wrong statement but reason is correct statement. 
(i) Assertion (A): The total number of atoms present in a simple cubic unit cell is one. 


Reason (R): Simple cubic unit cell has atoms at its corners, each of which is shared 
between eight adjacent unit cells. 
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(ii) Assertion (A): In face-centred unit cell, atoms are at the centre of all faces. 
Reason (R): Total number of atoms per unit cell is 4. 
(iii) Assertion (A): A crystal lattice is made up of unit cells. 
Reason (R): Each point in a crystal lattice represents an ion. 
OR 
Assertion (A): ‘The total number of atoms in body-centred unit cell is 2. 


Reason (R): In body centred unit cell, an atom is at each of its corners and one atom at 
its body centre. 


(iv) Assertion (A): Bcc arrangement is less closely packed than ccp arrangement. 


Reason (R): In ccp arrangement, the two atoms at the corners of the unit cell are 
touching each other whereas in bcc arrangement, they are not touching 
each other 


Answers 
(i) (a) (22) (d) (iti) (c) OR (a) (iv) (c) 


ASSERTION-REASON QUESTIONS 





In the following questions, a statement of assertion followed by a statement of reason is given. 
Choose the correct answer out of the following choices. 
(a) Assertion and reason both are correct statements and reason is correct explanation for assertion. 
(b) Assertion and reason both are correct statements but reason is not correct explanation for assertion. 
(c) Assertion is correct statement but reason is wrong statement. 
(d) Assertion is wrong statement but reason is correct statement. 


1. Assertion (A) : Graphite is a good conductor of electricity however diamond belongs to the 
category of insulators. 
Reason (R) : Graphite is soft in nature on the other hand diamond is very hard and brittle. 
2. Assertion (A) : The total number of atoms present in a simple cubic unit cell is one. 
Reason (R) : Simple cubic unit cell has atoms at its corners, each of which is shared between 
eight adjacent unit cells. 
3. Assertion (A) : The coordination number of square close packing in two dimensions is 6. 
Reason (R) : In square close packing, each sphere is in contact with four of its neighbours. 
4. Assertion(A) : Total number of octahedral voids present in unit cell of cubic close packing 
including the one that is present at the body centre, is four. 


Reason (R) : Besides the body centre there is one octahedral void present at the centre of 
each of the six faces of the unit cell and each of which is shared between two 
adjacent unit cells. 


5. Assertion(A) : The packing efficiency is maximum for the fcc structure. 
Reason (R) : The coordination number is 12 in fcc structures. 
6. Assertion(A) : Semiconductors are solids with conductivities in the intermediate range from 
107° — 104 ohm” m”. 
Reason (R) : Intermediate conductivity in semiconductor is due to partially filled valence 
band. 
7. Assertion (A) : Schottky defect is generally shown by the compounds which have high 


coordination number. 


Reason (R) : In Schottky defect, equal number of cations and anions are missing from the 
lattice sites 


WWW.JEEBOOKS.IN The Solid State | 15 


8. Assertion(A) : Frenkel defect does not change the density of the solid. 
Reason (R) : In Frenkel defect smaller ion usually cation is dislocated from its normal site to 
an interstitial site 
9. Assertion(A) : In crystalline solids electrical resistance show different values when measured 
along different directions in the same crystal. 
Reason (R) : Crystalline solids are isotropic in nature 
10. Assertion (A) : Total number of octahedral voids present in unit cell of cubic close packing 
including the one that is present at the body centre, is four. 
Reason (R) : Besides the body centre there is one octahedral void present at the centre of 
each of the six faces of the unit cell and each of which is shared between two 
adjacent unit cells. 


Answers 
1. (b) 2. (a) 3. (d) 4. (c) 5. (b) 6. (c) 7. (b) 8. (a) 
9. (c) 10. (c) 


HINTS/SOLUTIONS OF SELECTED MCQS 


1. (b) At low temperature, substance exists in solid state due to low thermal energy and hence 
decreased molecular motion, which in turn leads to strong intermolecular cohesive forces, 
1.2., which hold the constituent particles together. 


7. (c) Iodine is a non-polar molecular solid iodine molecules are held together by London force 
or dispersion force, this is soft and non - conductor for electricity. 


Water is a hydrogen bonded molecular solid in which H and O are held together by hydrogen 
bonding to non-ionic nature, so, it is not an electrical conductor. 


9. (c) Ina face centered cubic lattice, atom (A) occupies the corner positions. There are 8 corner 
positions and each position contributes one eighth to the unit cell. Hence, total number of 
(A) atoms per unit cell = 8 x 1/8 = 1. 


Atom (B) occupied the face centre positions. There are six face centre positions. One atom 
of (B) is missing from one of the face centered points. Thus, there are 5 face centre positions 
that are occupied with (B). Each such position contributes one half to the unit cell. Hence, 
total number of (B) atoms per unit cell= 5 Xx 1/2 = 2.5 


The formula of the compound is AB» ; or A,B; 


+ 
15. (c) For NaCl — = 0.414 
r 


100 
0.414 


16. (d) Distance between two oppositely charge ions for BCC 
av3 _ 387 X Jf 3 
2 z 


y = 


= 241.5pm 


(r* +r)= 
= 335.15 pm 
21. (d 


Anisotropy is the property of substances to exhibit variations in electrical and optical 
properties along different planes of the same crystal. It is seen in crystals, liquid crystals and, 


less commonly, in liquids. Crystalline solids such as NaCl, BaCl,, etc, will show anisotropy. 


eee” 
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22. 


23. 


25. 


26. 


2i 


28. 


29. 


30. 


31. 


32. 


33. 


34. 


35. 


36. 


37. 


38. 


(d) 


(c) 


(a) 


The hexagonal closed packed (hcp) has a coordination number of 12 and contains 6 atoms 
per unit cell. 


In ccp, number of atoms present per unit cell =4 


Since in cubic closed packing, the number of tetrahedral voids is equal to twice the number 
of atoms present per unit cell, hence 


Number of tetrahedral voids = 2 X 4=8 


Glass is an amorphous solid due to its short range order and irregular arrangement of 
constituent particles. 


Crystalline solids are anisotropic in nature means some of their physical properties like 
electrical conductivity,refractive index etc. are different in different directions in the same 
crystal. 


(d) A ccp arrangement consists of three repeating layers (ABCABC...) of hexagonally arranged 


spheres. Spheres in a ccp structure have a coordination number of 12 because they contact 
six spheres in their layer, three atoms in the layer above and three spheres in the layer 
below. 


(b) An atom that les on the edge of a unit cell is shared by four adjacent unit cells, so the 


(b) 


contribution of each edge atom is —. 


4 
The closest-packing sequence ABAB... represents hexagonal packing. In every second row, 
the particles occupy the depressions between the particles of first row. In the third row, the 
particles are vertically aligned with those in the first row giving ABABAB... arrangement. 


The radius ofthe sphere that would fit well into an octahedral void in a close-packing is given by 
r = 0.414R; where r = radius of octahedral void and R = radius of sphere. 


For tetrahedral arrangement, co-ordination number is 4 and radius ratio (r‘/r) is 0.225 — 
0.414. 


Covalent solids form crystals which can be viewed as a single giant molecule made up of an 
almost endless number of covalent bonds. 


Out of the given solids, diamond is an example of covalent solid while Fe and Cu is a metallic 
solid, and NaCl is an ionic solid. 


(d) A molecular solid is composed of molecules held together by dispersion or london forces. Its 


(b) 


(d) 


properties are dictated by the weak nature of these intermolecular forces. Molecular solids 
are soft, have low melting temperatures, and are electrical insulators. 


The existence ofa substance in more than one solid modifications is known as polymorphism. 
It is the ability of a solid material to exist in more than one form or crystal structure. 


Diamond being a crystalline solid is anisotropic in nature. In amorphous solids, there is not 
long-range order exist between them and therefore the given properties such as electrical 
conductivity, thermal conductivity, refractive index are identical in all directions and they 
are isotropic in nature. 


Doping of impurity of higher valent to lower group elements results in formation of n-type 
of semiconductor. On mixing arsenic with silicon, n-type of semiconductor is obtained. 


In graphite, each carbon is bonded with other 3 other carbons and one valence electron is 
free. Due to this valence electron, graphite conducts electricity in the solid state. 


Iodine molecules are a class of non-polar molecular solid in which constituents molecules 
are held together by London or dispersion forces. These solids are soft and are insulators. 
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39. 


40. 


41. 


42. 


43. 


44. 


45. 


46. 


47. 


48. 


(d) Bravais Lattice refers to the 14 different ways of arrangement of points in a regular 
3-dimensional space. 


(d) When NaCl is doped with MgCl,, two Na‘ are replaced by one Me~* ion to maintain 
electrical neutrality. Thus, the cationic vacancies thus produced are equal in number to that 
of Mgt ions. Thus, this type of defect is called impurity defect. 


(b) Glass is an amorphous solid. Like liquids, it has a tendency to flow, though very slowly and 
due to which, it is considered as pseudo-solid. 


(b) There are a total of four formula units of NaCl per unit cell, i.e., 4Na* and 4CI ions. 


. l 
Na’ ions=12xX—+ 1 =4 
4 (body 
centre) 


(edges) 


Cl” ions = gxt +Łx6=4 


8 2 
(corners) (face 
centre) 


(c) Frenkel defect is produced because of missing ions from their normal crystal sites. It is 
produced when some ions are displaced from their normal sites and occupy interstitial sites. 
So, it does not affect the density of the crystal. 


(a) The simple cubic has a coordination number of 6 and contains | atom per unit cell. This can 


be calculated as 8 x= =] 


(Corner 
atoms) 


(d) The face-centered cubic (fcc) has a coordination number of 12 and contains 4 atoms per unit 


cell. This can be calculated as 8 xs F 46 x5 =4 


(Corner) (face atoms) 


(d) For bcc, Z = 2, p = 530 kgm” 
Atomic mass of Li = 6.94 g mol”, N} = 6.022 x 10°° mol” 
530 x 1000 g 


= 530 kgm” = — =0.53 g cm” 
j Bt 1x (100)? cm 5 
„= ZXM 
N, xa? 
=> 0.53 = —2*0:34 __ 
6.022 x 10°" Xa 
_ 2x 6.94 


a? = ——— > = 43.5 x10% cm” 
6.022 x 10°” x 0.53 


a =352 x 107! cm = 352 pm 
rt _ 0.98x107'9 
r 1.81x107° 


It lies in the range of 0.414 to 0.732 hence, coordination number of each ion will be 6 as the 


= 0.541 


(c) Radius ratio 


compound will have NaCl type structure, z.e., octahedral arrangement. 


— 
S~ 
wa 


Frenkel defect is a dislocation defect as smaller ions (usually cations) are dislocated from 
normal sites to interstitial sites. Frenkel defect is shown by compounds having large difference 
in the size of cations and anions. In case of alkali metal halides, the size alkali metal ions is 
large and therefore it cannot be fit into the interstitial site and hence do not show frenkel 
defect. Also, Schottky defect decreases the density of crystal while Frenkel defect has no 
effect on the density of crystal. 
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49. 


50. 


51. 


52. 


53. 


54. 


55. 


56. 


57- 


58. 


(d) Z = 4, i.e., structure is fcc 
a 361 





H , p= = —= = 127.65 2128 
ence r 9/9 2/2 pm pm 
(a) Z = 4: for fcc structure 
Hence, d = A 
N; Xa 

_ dXN,Xa° 272x 6.02 x10 x (404 x107!’ 
7 Z p d 

= 26.99 = 27 g mol". 


(d) Number of atoms in ccp = 4 = o> 
Number of tetrahedral voids = 2 X 4 = 8 


So, number of A** ions = 8 X Z =2 


4 
Number of octahedral voids = Number of B* ion = 4 
So, Ratio, O% : A** : Bt 
4 :2 :4 
2 I :2 
Hence, formula of oxide = AB,O, 
(a) For a face-centered cubic (fcc) structure, 
r=——, a= 408pm p= 208 
2/2” pe "2/2 
= 144 pm 
Diameter = 2r = 2 X 144 = 288 pm 
(a) Number of octahedral voids is same as number of atoms present in a unit cell. 


The number of atoms in each unit cell of ccp = 4. Therefore, the total number of octahedral 


: 4 
voids per atom present ın ccp =—= l 


4 
(a) Since Li crystallises in bcc crystal atomic radius, r = 


3 


4 351 = 151.8 pm (given a = 351 pm) 
a 


(d) Since copper crystallises in a face-centered cubic lattice, atomic radius, r = 9/9 


V3a 


4 





(a = edge length) 





Given (edge length = a = 334 pm) 
334 
r= =118.10=118 
"=o lo pm 


(b) If silicon or germanium is doped with any of the element of group III (B, Al, Ga, In, Th) of 
the periodic table, p-type of semiconductor will be obtained. 


(b) As each Sr°* ion introduces one cation vacancy, therefore, concentration of cation vacancies 
= mol% of SrCl, added. 
Thus, Concentration of cation vacancies = 10% mol% 
1074 23 
= x 6.022 x 10^ 
100 


= 6.022 x 10! 


(d) The maximum properties of the available volume which may be filled by hard sphere in 





: i ‘ f T 
simple cubic arrangement IS given as ~— Or 0.32: 


6 
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59. (b) F-centres are anionic sites occupied by unpaired electrons. They are responsible for colours. 


ZXM 2x213 3 
60. (a2) p= < = —— 62E = 8.50 g/cm 
ae a°xN, (436.6107)? x 6.022 x10% 6 


6l. (a) In a unit cell, X atoms at the corners = Zx s=] 
Y atoms at the face centres = 5x 6=3 
Ratio of X and Y = 1 : 3. Hence formula is XY3. 


62. (b) In HCP unit cell 
C = 4r] &,a=2r 


C >o J2- /8 
a a D 3 
63. (b) (¿) Diamond is the hardest known substance and graphite is soft. 


(2) In graphite, each carbon atom is joined to three other C atoms leaving one free valence 
electron which results in electrical conductance. In diamond, all four valencies of carbon 
are satisfied due to which diamond is an insulator. Thus, graphite has higher electrical 
conductivity than diamond. 


(ui) Diamond has higher thermal conductivity than graphite due to the transfer of thermal 
vibrations from atom to atom. Diamond has a compact and precisely aligned crystal 
which helps in the fast movement of heat. 


(wv) Graphite has a higher C—C bond order than diamond as graphite contains C=C double 
bond whereas diamond contains C—C single bond only. 


64. (a) The atom in the middle layers will have 12 nearest neighbours. But the atom in topmost 
layer has 9 nearest neighbours (6 atoms in the same layer + 3 atoms in the bottom layer). 


. Nat ht 
65. (a) Given; ——= 0.55 and —— = 0.74 
ior ely 


Tare + (Ë 
Na tl = 1.55 and Æ + 1 = 1.74 


Tor Tor 
ee ae 
ie., N O = 155 À 
deg 
Pt T Fa 
and K or = 1.74 ...(22) 
fo 
—— wo pp Nt Fior _ 1.74 _ é 
Dividing (2)/(2), tt Er Fra T55 1.123 
66. (c) The formula Mo 9gO0 shows that if there were 100 O-atoms present as O” ions, then there 


will be 98 metal atoms present as M** and M°**. 

Let M°t = x, then M?* = 98 —x. 

As the compound as a whole is neutral, therefore 

Total charge on M°* and M** will be equal to total charge on 100 O% ions. 


x (+3) + (98 —x) (+2) = 100 x 2 


or 3x + 196 — 2x = 200 
or x=4 
% of M?* = = x 100 = 4.08% 
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67. (b) The defect that arises due to the missing of a cation from its lattice site and presence of the 
cation with higher charge in the adjacent site is called metal deficiency defect. Hence, the 
metals showing variable valency. For example, in FeO, as some Fe may be present as Fe°* 
and for charge neutrality 3Fe** = 2Fe?*. Hence, FeO should have metal deficiency defect. 


ZX M 


68. (c , 
( a xN, 


— 


Density, 0 = 


7 4x M 
(540 x 10710)? x (6.02 x 1079) 
vy = 212X (540)° x 6.02 x 107° x 10° 


2.12 


or ri 
= 64 g mol`’ 
69. (d) In body-centered cubic (bcc), oppositely charged ions touch each other along the body 
diagonal. 
Body diagonal = 27,4 + 27,- 
But body diagonal = /3a 
2(%st + or) = VBa 
| ty = V3 
= cst Tor ~ 9 4 
70. (c) For bec, r= B, 
- L182 G9 A 
= 1.86A 


71. (b) For the fcc structure, nearest neighbour distance (d) = Ts 


ARA XN 
"E PZM o m- ÉN, 
a` XN, Z 
for fcc, Z=4 
Now, we know that 
r= An 
M Ni 
So 100 _ N 
M  6.022x10” 
y = 100 x6.022 x10” x Z 
dXa° X N, 
100 x 6.022 x 10°" x 4 
= -10) 3 23 
10 x (200 x107)” X 6.022 x 10 
40 40 
> ——— m OF 
(200 x107)3 gx 10724 
= 5x10°* atoms 
74. (a) Schottky defect arises when equal number of cations and anions are missing from the lattice 


so that electrical neutrality is maintained. 


75. (c) ABABA describes a hexagonal closed packed arrangement of spheres. In this type of 
arrangement, the coordination number is 6 and successive rows are arranged in such a way 
that the crests of the spheres of one row are placed into depression formed between adjacent 
spheres of the next row. 
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77. (b) Ionic solids have highest melting point due to strong electrostatic forces of attraction. 


78. (d) A+8xZ=1 





B=bd x5 — 3 (Since one atom is missing from one of the face centred point.) 
Therefore, formula = A; B5; or AoBs 
79. (a) n= Ya — ay moles 
n= or N=nXWN) 
= = x 6.022 x 10? molecules 
58.500 

We know that, there are 4 molecules of NaCl present in a unit cell. 

ee , _ 6.022 x 10°” 

“. Number of the unit cell = 5a 5x4 


9.57 x 107! unit cells. 


80. (d) As unit cell consists of A ions at the eight corners. Thus, number of A ions = > X8=1 


N 
co |— 


Unit cell consists of B ions at the centre of the body. Thus, number of B ion = 1 
So, the formula will be AB. 
81. (d) For fcc, number of atoms = 4 


. 4: 
Volume of single atom = Fnr” 


3 
Total volume of atoms = 4 X Sar’ 
_ 16,3 
= 3 TU 


82. (c) As the FC.C unit cells consists of 6 faces. Therefore, unit cells is equally shared by 6 different 
unit cells. 

83. (a) In crystalline solid there is a regular arrangement of the constituent particles. As the 
temperature increases the chance that a lattice site may be unoccupied by an ion increases. 
As the number of defects increases with temperature solid changes abruptly into liquid. 


l 


84. (b) For simple cubic cell = 8 x a l 
For bec = gx + r=2 
For fee = Ate 
5 2 
So, the ratio willbe 1:2:4 
85. (d) For bec = 8X +1=2 
For fcc = een ees 
8 2 
Therefore, the number of Na and Mg atoms present in their respective crystals is 2 and 4. 
86. (a) a=5A or 5xX10%cm 
Volume of unit cell = a” 
= (5 x 10°) 
= 1.25 x 10” cm” 
Given, Density = 4 g/cm” 
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The mass of the unit cell = 4 X 1.25 x 10” 
= 5. ig 
The mass of 1 mol of FeO is = 55.8 + 16 = 71.8 g 
So the mass of 1 molecule of FeO will be 


___ 718 
6.022 x 107° 


Number of FeO formula unit per unit cell 
sxi 
1.192 x10? 


So, the amount of Fe°* and O% ions in each unit cell will be 4 Fe°* and 407. 


=1:192 x10 y 


87. (d) In KCl, co-ordination number of cation and anion is 6 and 6 respectively. The Frenkel defect 
is shown by the compounds having low coordination number while Schottky defect is shown 
by the ionic coordination number. 


88. (c) 1 mole of compound = 6.022 x 10% particles 
0.5 mole of compound = 0.5 X 6.022 X 107° particles 
No. of tetrahedral voids = 2 X Number of particles 
=2x 3.011 gi 


= 6.022 x 10° 
No. of octahedral voids = Number of particles 
= a aa” 
Hence, Total no. of voids = 6.022 x 10% + 3.011 x 107° 
= 9.03 x 10” 


89. (c) Anions A form hcp So, number of anions (A) = 6 


Cations are 75% Octahedral voids 


So, number of cations (C) = 6x + 
_18 _ 9 
4 2 
So, the formula of compound is Cog Ag or Cg Ayo or C3H4 
ZXM 
90. (c) o = 
a XN] 
for fcc, Z = 4, So, o =— xM _ ...(2) 
N, X(3.5 X10) 
for Bec, Z = 2, So, psa (ii) 


= N, X(3x10%) 
By dividing equation (2), we get 
P fee Pre = 1.259: 1 


91. (a) In bcc unit cell, lattice atoms occupies the corners and body center of a cube. 


l , 
Each corner has a contribution of — and there are 8 corners in a cube. 


8 
Effective number of atoms in a cube = = x8 = 1 
Also, a body centre will have contribution of 1 and each cube will have 1 body centre. 
So effective number of atoms ina cube= | 


Therefore, total number of atoms in bec unit cell = 1 + 1 = 2 
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92. (c) The number of octahedral voids in a cubic close packed structure is the same as effective 
number of atoms. In ccp, effective number of atoms are 4, so there are 4 octahedral voids. 


93. (b) The radius ratio of the given voids is 
è lriangular — 0.155 — 0.225 
è Cubic — 0.732 — 1 
è Ietrahedral — 0.225 — 0.414 
è Octahedral — 0.414 — 0.732 
Hence, the largest void is cubic void. 


94. (a) Close packing is maximum in the crystal lattice of face-centred cubic lattice with 74% packing 
efficiency. 


95. (b) The formula for determination of density of cubic unit cell is 
nXM _3 
=——— z gcm 
Ny Xa 
p = Density 
n = Number of moles 
M = Molar mass 
No = Avogadro’s number 
a = Edge length 


96. (c) Ifthe number of close-packed spheres is n, then the number of tetrahedral voids is 2n. 


97. (b) Molecular solids refer to those solids which are composed of molecules held together by the 
london or dispersion forces, dipole-dipole interactions and hydrogen bonding. 


The dry ice (CO,) is an example of a molecular solid. Graphite is a covalent solid, sodium 
chloride is a ionic solid and Fe is a metallic solid. 


98. (c) Efficiency of packing in bcc structures: In this case the atom at the centre is in touch with 
other two atoms which are diagonally arranged (see below figure). The spheres along the 
body diagonal are shown with solid boundaries. 





- - 
beT T T o "ea ae® 


In AAFD, 
e =a b =a" + 2a" = 3a" 
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99. 


(d) The distance between the body centered atom and one corner atom is 


Ae c= 3a 
The length of the body diagonal c is equal to 4r, r being the radius of the sphere (atom). As all 
the three spheres along the diagonal touch each other, 
c =4r 
Therefore, c = 4r = /3 a 


As already calculated, the total number of atoms associated with a bcc unit cell is 2, the 
volume(v) is, therefore, 


4: 8: 
9x =n == 





3 3 
Volume of the unit cell (V) = a = (+) = 64r” 
v3) 373 
man By BD g g 
Packing efficiency = y x 100 = IET. x 100 = : tx 100° = 68% 


Therefore, 68% of unit cell is occupied by atoms and the rest 32% is empty space. 





, ie., half of the 
body diagonal. 
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SOLUTIONS 





IMPORTANT FORMULAE 


In the formulae given below, A represents solvent and B represents solute, also 


M, = Molar mass of solvent M, = Molar mass of solute 
W, = Mass of solvent Wg = Mass of solute 
V = Volume of solution d = Density of solution 


GEM = Gram Equivalent Mass GMM = Gram Molecular Mass 


1. Mass percentage (w/w) = x 100 


— B 
Hati 


Volume percentage (V/V) = x 100 


8B 
Va +V 
W, X100 


Mass by volume percentage (2) VoD 


V 


W, 
Parts per million (ppm) = ae. x 10° 
A "B 


Ny 


n; tng 





2. Mole fraction of A, x4 = 


Np 


n Np 





Mole fraction of B, xg = 
X4 + XR i 


Moles of solute oe Wg 


3. Molari = -0a SS SS 
y 0) Volume of solution in litre V Gn L) MM, XV (in L) 


Moles of solute = ss “3 W, X 1000 


4. Molality a = — or m = — 
ty (m) Mass of solvent inkg W,(in kg) M, X W, (in g) 


Gram equivalents of solute Wz 


5. Normality (N) = — a 
Volume of solution in litre GEM of solute x V (in L) 


6. Relationship between Molarity and Normality 
The normality (N) and molarity (M) of a solution are related as follows: 
Normality x Equivalent mass (solute) = Molarity x Molar mass (solute) 
7. Relationship between Molarity and Normality with Mass percentage (p) 
If p is the mass percentage and d is the density of the solution then 


i pxdxX10 

M ee a 

aed Molecular mass (solute) ° 
pXxdxX10 

Normality = 


Equivalent mass (solute) 
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10. 


11. 


12. 


13. 


14. 


Relationship between Molarity (M) and Molality (m) 


_ 1000 x M 
(1000 x d) —(M X GMM,) 
Relationship between Molality (m) and Mole fraction of solute (xp) 
mX GMM, 


m 


“2 = T000 F mX GMM, 
e 1000x, 
SO, m = x, x GMM, 
Dilution formula: If the solution of some substance is diluted by adding solvent from volume V} to volume 
V,, then 
MV, = MV, 
Similarly, Ni, = NV, 


Molarity of a mixture: If V} mL of a solution of molarity M, is mixed with another solution of same 
substance with volume V, and molarity M, then molarity of the resulting mixture of solution (M) can be 


obtained as: 
ant Mohs 
A 
Relationship between molarity (M) and mole fraction of solute (xg) 
7 M xGMM, 
“8 ~ (GMM, GMM, )*1000d 
1000 X d X x, 


Also, yoo aÃ— 
Xy x GMM, + x, X GMM, 


Raoult’s law for volatile solute 


P4=P4x4 and  pp= ppgXpg 


where p} and p, are partial vapour pressures of component ‘A’ and component ‘B’ in the solution. p; and 


pg are vapour pressures of pure components ‘4’ and ‘B’ respectively. 
Total vapour pressure, p = p, + Pp =p4X4 + pPgXg 


Raoult’s law for non-volatile solute 








Pi, -P Np n, W, M; 
p° B a Fn, “a, M, W, (For a dilute solution ng <<n,). 
p4 \WaXxM, 
Po z z) W 4 


l : A. . . 
where xg is mole fraction of solute and is relative lowering of vapour pressure. 


O 


P4 
Elevation in boiling point: 
AT, =K, xm 
K, XW, X 1000 
J Fa 
M; XW, 
K, XW, X 1000 
or, Mg = — ZZ 
AT, x W, 
where, AT, =T,- T; 
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Zs 


16. Depression in freezing point: 


AT; = KX m 
A= K s X Wg X 1000 
J M, x W, 
K,XW, X1000 
or, Wea a a 
AT, XW, 
17. Osmotic pressure (7) 
TV = npRT 
W, WX RXT 
ny M, RXT, M; XV 


n 
= > xRxT or m= CRT where ‘C’ is molarity. 


Osmotic pressure is related to the relative lowering of vapour pressure, elevation in boiling point and 
depression in freezing points according to the following relations: 


E aed dXRXT 
ro |o OTM 
Py 


B 
AT, XdXRXT 
= —T00KK, 
AT Xd XRXT 
" 1000 X K, 
where d is the density of solution at temperature ‘7”. 
. RX M, X(T?) 
18. Molal elevation constant, K, = 1000x A,,. H 


RXM, x (TP) 
1000x A. H 


fus 


MULTIPLE CHOICE QUESTIONS 


Choose and write the correct option in the following questions. 


19. Molal depression constant, K,= 


1. A solution of amalgam of mercury with sodium contains 


Solute Solvent Solute Solvent 
(a) Solid Solid (b) Solid Liquid 
(c) Liquid Solid (d) Liquid Liquid 


2. One kilogram of sea water sample contains 6 mg of dissolved O,. The concentration of O, in 
ppm in the sample is 


(a) 0.06 (b) 60 (c) 6 (d) 0.6 
3. Mole fraction of the solute in a 1.0 molal aqueous solution is: 
(a) 0.1770 (b) 0.0177 (c) 0.0344 (d) 1.7700 
4. At what concentration does the solution of ethylene glycol used as an antifreeze? 
(a) 35% volume by volume (b) 35% mass by volume 
(c) 35% mass by mass (d) 35 ppm 
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10. 


11. 


12. 


13. 


14. 


15. 


16. 


On dissolving sugar in water at room temperature solution feels cool to touch. Under which of 


the following cases dissolution of sugar will be most rapid? [NCERT Exemplar] 

(a) Sugar crystals in cold water. (b) Sugar crystals in hot water. 

(c) Powdered sugar in cold water. (d) Powdered sugar in hot water. 

At equilibrium the rate of dissolution of a solid solute in a volatile liquid solvent is 
‘ [NCERT Exemplar] 

(a) less than the rate of crystallisation (b) greater than the rate of crystallisation 

(c) equal to the rate of crystallisation (d) zero 

The value of Henry’s constant Ky is á [NCERT Exemplar] 

(a) greater for gases with higher solubility. (b) greater for gases with lower solubility. 

(c) constant for all gases. (d) not related to the solubility of gases. 


Low concentration of oxygen in the blood and tissues of people living at high altitude is due to 
; [NCERT Exemplar] 
(a) low temperature 

(b) low atmospheric pressure 

(c) high atmospheric pressure 

(d) both low temperature and high atmospheric pressure 


50 mL of an aqueous solution of glucose C,H,,O, (Molar mass : 180 g/mol) contains 6.02 x 107” 


molecules. The concentration of the solution will be [CBSE 2020 (56/2/1)| 
(a) 0.1 M (b) 0.2 M (c) LOM (d) 2.0 M 

A solution of chloroform in diethylether 

(a) obeys Raoult’s law. (b) shows a positive deviation from Raoult’s law. 


(c) shows a negative deviation from Raoult’s law. (d) behaves like a near ideal solution. 


Considering the formation, breaking, and) strength of hydrogen bond, predict which of the 


following mixtures will show a positive deviation from Raoult’s law? [NCERT Exemplar] 
(a) Methanol and acetone. (b) Chloroform and acetone. 

(c) Nitric acid and water. (d) Phenol and aniline. 

The system that forms maximum boiling azeotropes is: 

(a) ethyl alcohol-water (b) benzene-toluene 

(c) acetone-chloroform (d) carbon disulphide-acetone 


At a given temperature, osmotic pressure of a concentrated solution of a substance 
à [NCERT Exemplar] 
(a) is higher than that of a dilute solution. 
(b) is lower than that of a dilute solution. 
(c) 


(d) cannot be compared with osmotic pressure of dilute solution. 


is same as that of a dilute solution. 


An unripe mango placed in a concentrated salt solution to prepare pickle, shrivels because 


i [NCERT Exemplar] 
(a) it gains water due to osmosis. (b) it loses water due to reverse osmosis. 
(c) it gains water due to reverse osmosis. (d) it loses water due to osmosis. 


If we place the blood cells in a solution containing less than 0.9% (m/V) sodium chloride. They 
would swell. This is because 


(a) the solution is hypotonic (b) the solution is isotonic 

(c) the solution is hypertonic (d) none of these 

Which of the following colligative property is used to calculate the molar mass of biomolecules? 
(a) Relative lowering of vapour pressure (b) Elevation in boiling point 

(c) Depression in freezing point (d) Osmotic pressure 
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17. 


18. 


19. 


20. 


21. 


22. 


23. 


24. 


25. 


26. 


2. 


28. 


30 


Which of the following statements is false? [NCERT Exemplar] 
(a) Units of atmospheric pressure and osmotic pressure are the same. 


(b) In reverse osmosis, solvent molecules move through a semipermeable membrane from a 
region of lower concentration of solute to a region of higher concentration. 


(c) The value of molal depression constant depends on nature of solvent. 
(d) Relative lowering of vapour pressure, is a dimensionless quantity. 


Molal elevation constant is calculated from the enthalpy of vapourisation (A 
point of the pure solvent (T°) using the relation: 


H) and boiling 


vap 


MRT? 1000 RT? Asap H 1000 M, T° 
K-00, 7 © Swan © O Tom Rr © OT AHR 
Which of the following statements is false? [NCERT Exemplar] 


(a) Two different solutions of sucrose of same molality prepared in different solvents will have the 
same depression in freezing point. 


(b) The osmotic pressure of a solution is given by the equation n = CRT ( where C is the molarity of 
the solution). 


(c) Decreasing order of osmotic pressure for 0.01 M aqueous solutions of 
barium chloride, potassium chloride, acetic acid and sucrose is 
BaCl, > KCl > CHCOOH > sucrose. 
(d) According to Raoult’s law, the vapour pressure exerted by a volatile component of a solution 
is directly proportional to its mole fraction in the solution. 
When KCI is dissolved in water, the 
(a) boiling point of the solution decreases 
(b) boiling point of the solution increases 
(c) boiling point of the solution remains unchanged 
(d) none of the above 
Compared to Puri, the vapour pressure of water at Delhi is 
(a) equal (b) more (c) less (d) none of these 
A sample of hard water was found to contain 40 mg of MgSO, in 10 kg of sample. The ppm of 
MgSO, in the sample will be 


(a) 2 ppm (b) 4 ppm (c) 8 ppm (d) 15 ppm 
If the molarity. of a solution of sulphuric acid is 1.35 M, then its molality will be 
(The density of the acid solution is 1.02 g cm”) 


(a) 3.43 m (b) 1.80 m (c) 1.52 m (d) 2.39 m 

If Molarity of dilute solution is doubled, the value of molal depression constant (Kp) will be 
(a) halved (b) tripled (c) unchanged (d) doubled 

When dry grapes or raisins are placed in water, they swell due to 

(a) osmosis (b) diffusion (c) surface tension (d) absorption 

The mixture that forms minimum boiling azeotrope is 

(a) Methanol-acetic acid (b) Chloroform-benzene 

(c) Water-nitric acid (d) n-hexane-acetone 


When an egg is placed in concentrated solution of sodium chloride, it shrinks due to 
(a) exosmosis (b) endosmosis (c) diffusion (d) surface tension 


When a non-volatile solute in dissolved in water 
(a) The boiling point increases (b) The vapour pressure decreases 


(c) The freezing point decreases (d) All of the above 
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29. 


30. 


31. 


32. 


33. 


34. 


35. 


36. 


37. 


38. 


39. 


40. 


41. 


42. 


43. 


44. 


45. 


Which of the following concentration term is not affected by the temperature? 


(a) Molarity (b) Normality (c) Molality (d) = % 

Which of the following is affected by the temperature? 

(a) Molarity (b) Normality (c) ~ % (d) All of the above 
The solubility of a solid in liquid does not depend upon 

(a) nature of solute and solvent (b) temperature 

(c) pressure (d) all of the above 

If 5.85 g of NaCl is dissolved in 90 g of water, then the mole-fraction of solute is 

(a) 0.1 (b) 0.2 (c) 0.01 (d) 0.0196 

Boiling point of water in a pressure cooker is 

(a) below 100°C (b) above 100°C (c) equal to 100°C (d) none of the above 
The molarity of water is 

(a) 18 (b). 55.5 (c) 80 (d) 49.9 

Which one of the following is a colligative property? 

(a) The half life of a radioactive element (b) The conductance of solution 

(c) The surface tension of solution (d) The osmotic pressure of solution 


The relative lowering of vapour pressure is equal to the mole fraction of solute. The law is 
known as 

(a) Henry’s law (b) Raoult’s law 

(c) Ostwald’s dilution law (d) Van't Hoff law 

Isotonic solutions have the same 

(a) viscosity (b) molar concentration (c) boiling point (d) density 
If 18 g glucose is present in 1000 g of a solvent, the solution will be 

(a) 1 molar (b) 0.1 molar (c) 0.5 molal (d) 0.1 molal 
At constant temperature, the osmotic pressure of a solution is 

(a) directly proportional to the concentration. 

(b) inversely proportional to the concentration. 

(c) directly proportional to the square of the concentration. 

(d) independent of concentration. 

When a non-volatile solute is dissolved in a pure solvent 

(a) freezing point of the solution is decreased. 

(b) freezing point of the solution is increased. 

(c) boiling point of the solution is decreased. 

(d) Both (a) and (c). 

Which one of the following is not a colligative property? 

(a) Relative lowering of vapour pressure (b) Osmotic pressure 

(c) Elevation of boiling point (d) None of these 

Osmotic pressure of a sugar solution at 24°C is 2.5 atm. The concentration of the solution in 


moles/litre is 


(a) 10.25 (b) 1.025 (c) 1025 (d) 0.1025 

Elevation of boiling point was 0.52°C when 6 g of a compound X was dissolved in 
100 g of water. Molecular weight of X is (K, = 0.52 Km.) 

(a) 120 kg/mol (b) 60 kg/mol (c) 180 kg/mol (d) 342 kg/mol 

Number of moles of the solution per litre of the solution is 

(a) molality (b) molarity (c) normality (d) formality 

The boiling point of a solution containing a non-volatile solute is 

(a) depressed (b) elevated (c) remain unchanged (d) none of these 
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An aqueous solution of methanol in water has vapour pressure 
(a) equal to that of water (b) equal to that of methanol 


(c) more than that of water (d) less than that of water 


5 mL N HCI, 20 mL N/2H,SO, and 30 mL > HNO, are mixed together and the volume is made 


to one litre. The normality of the resulting solution is 
(a) N/5 (b) N/10 (c) N/20 (d) N/40 
500 mL of an aqueous solution of glucose contains 6 X 107” molecules. The concentration of the 
solution is 


(a) 0.1M (b) 0.2 M (c) 10M (d) 2.0M 

If NaCl is added to ice, then the melting point of ice will 

(a) increase (b) decrease 

(c) remains unchanged (d) first increase then decrease 

A solution is a 

(a) heterogeneous mixture (b) homogeneous mixture 

(c) colloidal sol (d) gel 

An ideal solution is the one which obeys 

(a) Raoult’s law (b) Henry’s law (c) Both (a) and (b) (d) None of these 
Real solution shows deviation from Raoult’s law 

(a) positive (b) negative (c) both (a) and (b) (d) none of these 
If RBC is placed in 0.91% NaCl solution then it will 

(a) shrink (b) swell 

(c) neither shrink nor swell (d) either shrink or swell 


Chlorobenzene-bromobenzene system is an example of 
(a) ideal solution (b) non-ideal solution with positive deviation 


(c) non-ideal solution with negative deviation (d) none of these 

The number of moles of each of the following in 20 g will be 

(i) CgH Oe (ii) CH,0H (iii) CH, COOH 
(a) 0:111, 0:333, 0-625 (b) 0:333, 0-625, 0-111 (c) 0:111, 0°625, 0:333 (d) 0:625, 0:333, 0-111 


Increase of temperature of an aqueous solution will cause 
(a) decrease in molality (b) decrease in molarity 
(c) decrease in mole fraction (d) decrease in % (w/W) 


In cold countries, glycol is added to water in car radiators during winter. It results in 

(a) lowering in boiling point. (b) reducing the viscosity. 

(c) reducing the specific heat. (d) lowering in freezing point. 

The concentration of a cane-sugar solution which is isotonic with 0.86% solution of urea 

(mol. wt. = 60 g/mol) is 

(a) 4.9% (b) 3% (c) 5.8% (d) 8.4% 

Partial pressure of a solution component is directly proportional to its mole fraction. This 
statement is known as 


(a) Henry’s law (b) Raoult’s law (c) Distribution law (d) Ostwald’s dilution law 
At high altitude, the boiling point of water is lower because 

(a) atmospheric pressure is low (b) temperature is low 

(c) atmospheric pressure is high (d) none of these 


For an aqueous solution, freezing point is —0.186°C. Elevation of the boiling point of the same 
solution is (K; = 1.86°C mol! kg and K, = 0.512°C mol" kg) 
(a) 0.186°C (b) 0.0512°C (c) 1.86°C (d) 5.12°C 
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In a mixture of A and B, components show negative deviation when 

(a) A-B interaction is stronger than A-A and B-B interaction 

(b) A-B interaction is weaker than A-A and B-B interaction 

(c) AV ne > 0, AS,,:, > 0 

(d) AV mix = 9, AS nix > 0 

25ml of a solution of barium hydroxide on titration with a 0.lmolar solution of hydrochloric 
acid gave a titre value of 35ml. The molarity of barium hydroxide solution will be 
(a) 0.07 (b) 0.14 (c) 0.28 (d) 0.35 

If liquids A and B form an ideal solution, the 

(a) enthalpy of mixing is zero 

(b) entropy of mixing is zero 

(c) free energy of mixing is zero 

(d) free energy as well as the entropy of mixing is zero. 

Which one of the following statements is false? 


(a) Raoult’s law states that the vapour pressure of a component over a solution is proportional to 
its mole fraction. 


(b) The osmotic pressure (nt) of a solution is given by the equation m = MRT, where M is the 
molarity of the solution. 


(c) The correct order of osmotic pressure for 0.01 M aqueous solution of each compound is 


BaCl, > KCl > CHCOOH > sucrose. 

(d) Iwo sucrose solutions of same molality prepared in different solvents will have the same 
freezing point depression. 

Equimolar solutions in the same solvent will have 

(a) different boiling and different freezing points. 

(b) same boiling and same freezing points. 

(c) same freezing point but different boiling point. 

(d) same boiling point but different freezing point. 


The glucose solution to be injected into the blood stream and the blood itself should have the 
same. 


(a) viscocity (b) vapour pressure (c) molarity (d) osmotic pressure 
The most commonly. used artificial semi-permeable membrane is chemically 

(a) potassium ferrocyanide (b) copper sulphate 

(c) copper ferricyanide (d) copper ferrocyanide 


A mixture of ethyl alcohol and propyl alcohol has a vapour pressure of 290 mm Hg at 300 K. 
The vapour pressure of propyl alcohol is 200 mm Hg. If the mole fraction of ethyl alcohol is 
0.6, its vapour pressure (in mm Hg) at the same temperature will be 


(a) 360 (b) 350 (c) 300 (d) 700 


At 80° C, the vapour pressure of pure liquid A is 520 mm Hg and that of pure liquid B is 1000 
mm Hg. If a mixture solution of A and B boils at 80° C and 1 atm pressure, the amount of A in 
the mixture is 

(a) 52 mol percent (b) 34 mol percent (c) 48 mol percent (d) 50 mol percent 

The vapour pressure of water at 20°C is 17.5mm Hg. If 18 g of glucose (C,H,,O,) is added to 


178.2 g of water at 20°C, the vapour pressure of the resulting solution will be 
(a) 0.175 mm Hg (b) 17.325 mm Hg (c) 0.157 mm Hg (d) 16.83 mm Hg 


A 5.2 molal aqueous solution of methyl alcohol, CH,OH, is supplied. The mole fraction of 
methyl alcohol in the solution will be 


(a) 0.100 (b) 0.190 (c) 0.086 (d) 0.050 
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Camphor is often used in molecular mass determination of naphthalene by Rast method because 
(a) it is readily available (b) it has a very high cryoscopic constant 
(c) itis volatile (d) it is solvent for organic substances 


A solution of urea (mol. mass 56 g mol") boils at 100.18°C at the atmospheric pressure. If K, and 
K, for water are 1.86 and 0.512 K kg mol” respectively, the above solution will freeze at 

(a) 0.654°C (b) —0.654°C (c) 6.54°C (d) — 6.54°C 

The vapour pressure of two liquids P and Q are 80 and 60 torr, respectively. The total vapour 
pressure of solution obtained by mixing 3 mole of P and 2 mol of Q would be 

(a) 72 torr (b) 140 torr (c) 68 torr (d) 20 torr 

A solution containing 10 g per dm’ of urea (molecular mass = 60 g mol") is isotonic with a 5% 
solution of a non-volatile solute. The molecular mass of the non-volatile solute is 

(a) 200 g mol’ (b) 250 g mol (c) 300 g mol’ (d) 350 g mol” 

1.00 g of a non-electrolyte solute (molar mass 250 g mol") was dissolved in 51.2 g of benzene. 
If the freezing point depression constant, Ky of benzene is 5.12 Kkg mol", the freezing point of 
benzene will be lowered by 

(a) 0.2K (b) 0.4K (c) 0.3K (d) 0.5 K 

A solution of acetone in ethanol 

(a) obeys Raoult’s law. 

(b) 

(c) 


(d) behaves like a near ideal solution. 


shows a negative deviation from Raoult’s law. 


shows a positive deviation from Raoult’s law. 


b 
represents 





The factor K, 


(a) molality (b) normality (c) formality (d) molarity 
An azeotropic solution of two liquids has boiling point lower than either of them when it 
(a) shows negative deviation from Raoult’s law 

(b) shows no deviation from Raoult’s law 

(c) shows positive deviation from Raoult’s law 

(d) is saturated 


During osmosis, flow of water through a semipermeable membrane is 
(a) from solution having lower concentration only 


(b) 
(c) 


(d) from both sides of semipermeable membrane with unequal flow rates. 


from solution having higher concentration only 


from both sides of semipermeable membrane with equal flow rates 


If 0.1 M solution of glucose and 0.1 M solution of urea are placed on two sides of the 
semipermeable membrane to equal heights, then it will be correct to say that 

(a) there will be no net movement across the membrane. 

(b) glucose will flow towards urea solution. 

(c) urea will flow towards glucose solution. 

(d) water will flow from urea solution to glucose. 

The relationship between osmotic pressure at 273 K when 10 g glucose (7,), 10 g urea (7,), and 
10 g sucrose (7) are dissolved in 250 mL of water is 

(a) To > Tı > Tg (b) To > Ts > Ty (c) Ti > To > Tg (d) Ts > 1, > To 

200 mL of an aqueous solution of a protein contains 1.26 g of protein. The osmotic pressure of 
this solution at 300 K is found to be 2.57 X 10” bar. The molar mass of protein will be 

(R = 0.083 L bar mol'K™") 

(a) 51022 g mol” (b) 122041 g mol! (c) 31011 g mol” (d) 61039 g mol”! 
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85. 


86. 


87. 


88. 


89. 


90. 


91. 


92. 


93. 


94. 


95. 


96. 


97. 


The number of grams of dibasic acid (mol. weight 200) should be present in 100 mL of the 
aqueous solution to give strength of 0.1 N is 

(a) 10g (0) 28 (c) 1g (4) 20 g 

The boiling point of water (100°C) becomes 100.52°C, if 3 g of a non-volatile solute is dissolved 
in 200 g of water. The molecular weight of solute is (K, for water = 0.6 K/m) 

(a) 17.31 g mol” (b) 15.42 mol’ (c) 12.20 g mol? (d) 20.46 g mol 

Boiling point of benzene is 353.23 K. When 1.8 g of non-volatile solute is dissolved in 90 g 
of benzene, boiling point is raised to 354.11 K. If K, (benzene) is 2.53 K kg mol", then the 
molecular mass of non-volatile substance is 

(a) 58 g mol (b) 120 g mol? (c) 116 g mol! (d) 60 g mol” 

Vapour pressure of benzene at 30°C is 121.8 mm of Hg. When 15 g of a non-volatile solute 
is dissolved in 250 g of benzene. its vapour pressure is decreased to 120:2-mm of Hg. The 
molecular weight of the solute is 


(a) 35.67 g (b) 354.8 g (c) 432.8 g (d) 502.7 g 

The vapour pressure of CCI, at 25°C is 143 mm Hg. If 0.5 g of a non-volatile solute 

(mol. weight = 65 g mol") is dissolved in 100 mL CCl, the vapour pressure of the solution will 
be (Density of CCL, = 1.58 g cm”) 

(a) 19934 mm Hg (b) 143.99 mm Hg (c) 141.93 mm Hg (d) 94.39 mm Hg 

The vapour pressure of a solvent is decreased by 10 mm of mercury when a non-volatile solute 


was added to the solvent. The mole fraction of the solute in the solution is 0.2. If the decrease 
in the vapour pressure is to be 20 mm of mercury, then the mole fraction of the solvent will be 





(a) 0.4 (b) 0.6 (c) 0.8 (d) 0.2 

The osmotic pressure of a solution containing 0.3 mol of solute per litre at 273 K is 
0.3 273 

(a) 1 * Togor a™ (b) 0.3 X 2 X 0.0821 Xx 273 atm 
0.3 l 

(c) TX 0.0821 x 273 atm (d) 03% 0.0821 xX 273 atm 


If 1.0 molal aqueous solution of a substance boils at 100.55 °C ; then it freezes at approximately 
(K, = 0.51 °C kg mol and K, = 1.86 °C kg mol) 

(a) 272K (b) 271 K (c) 375 K (d) 274K 

The mole fraction of solute in its one molal aqueous solution will be 


(a) 0.108 (b) 0.018 (c) 0.008 (d) None of these 
The mole-fraction of solute in an aqueous solution of a substances having strength 4.5 m? 
(a) 0.75 (b) 0.075 (c) 0.45 (d) 0.045 


An aqueous solution of 1.00 molal in KI. Which change will cause the vapour pressure of the 
solution to increase? 


(a) Addition of NaCl (b) Addition of Na,SO, 
(c) Addition of 1.00 molal KI (d) Addition of water 
A solution of sucrose (molar mass = 342 g mol’) has been prepared by dissolving 


68.5 g of sucrose in 1000 g of water. The freezing point of the solution obtained will be 
(K; for water = 1.86°C kg mol") 

(a) — 0.372 °C (b) — 0.520 °C (c) + 0.372 °C (d) — 0.570 °C 

p4 and pz are the vapour pressure of pure liquid components, A and B, respectively of an ideal 
binary solution. If 7, represents the mole fraction of component A, the total pressure of the 
solution will be 


(a) pa t+ Xa (Pp-Pa) (b) pa + Xa a-pe) (c) pg + Xa (be-Pa) (d) Pp + xa (Pa -pPp) 
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98. Vapour pressure of chloroform (CHCl,) and dichloromethane (CH,CI,) at 25°C are 200 mm 
Hg and 41.5 mm Hg respectively. Vapour pressure of the solution obtained by mixing 25.5 g of 
CHCI, and 40g of CH,Cl, at the same temperature will be (Molecular mass of CHCl, = 119.5 u 
and molecular mass of CH,Cl, = 85 u) 

(a) 173.91 mm Hg (b) 615.08 mm Hg (c) 90.64 mm Hg (d) 285.52 mm Hg 

99. The number of grams of concentrated nitric acid that should be used to prepare 250 mL of 2.0M 
HNO, solution is (Given concentrated acid is 70% HNO3)? 

(a) 70.0 g conc. HNO, (b) 54.0 g conc. HNO, (c) 45.0 g conc. HNO, (d) 90.0 g conc. HNO, 

100. Which of the following is not satisfied by an ideal solution? 

(a) Ax V = 0 (b) Amix V # 0 
(c) Obeyance to Raoult’s Law (d) Anix H = 0 

101. Which of the following mixture will form maximum boiling azeotrope? 
(a) conc. HNO; and water (b) Acetone and benzene 
(c) Ethyl alcohol and water (d) Acetone and CS, 

102. Molal depression constant for water is 1.86 °C/m. The freezing point ofa 0.05 molal solution of 
a non-electrolyte in water is 
(a) -1.86° C (b) —0.93° C (c) —0.093° C (d) 0.93° C 

103. The Henry’s law is applicable only when 
(a) the gas undergoes association or dissociation in the solution. 

(b) the gas undergoes any chemical change. 
(c) the pressure of the gas is not too high and temperature is not too low. 
(d) All of the above 

104. The vapour pressure of a liquid in a closed vessel depends upon 

(a) surface area of the vessel. (b) amount of liquid. 
(c) temperature. (d) none of the above. 

105. Which of the following liquid pairs shows a positive deviation from Raoult’s law? 
(a) Water — hydrochloric acid (b) Benzene — methanol 
(c) Water — nitric acid (d) Acetone — chloroform 

106. A 5.25% solution of a substance is isotonic with a 1.5% solution of urea (molar mass = 60 g 
mol") in the same solvent. If the densities of both the solutions are assumed to be equal to 1.0 
gcm”, molar mass of the substance will be 
(a) 210.0 g mol” (b) 90.0 g mol! (c) 115.0 g mol! (d) 105.0 g mol! 

107. A solution has a 1:4 mole ratio of pentane to hexane. The vapour pressures of the pure 
hydrocarbons at 20°C are 440 mm Hg for pentane and 120 mm Hg for hexane. The mole fraction 
of pentane in the vapour phase is 
(a) 0.200 (b) 0.549 (c) 0.786 (d) 0.478 

Answers 
1. (c) 2. (c) 3. (b) 4. (a) 5. (d) 6. (c) 7. (b) 8. (b) 
9. (d) 10. (c) 11. (a) 12. (d) 13. (a) 14. (d) 15. (a) 16. (d) 

17. (b) 18. (a) 19. (a) 20. (b) 21. (c) 22.10) 23. (c) 24. (c) 

25. (a) 26. (d) 27. (a) 28. (d) 29. (c) 30. (d) 31. (c) 32. (d) 

33. (b) 34. (b) 35. (d) 36. (b) 37. (b) 38. (d) 39. (a) 40. (a) 

41. (d) 42. (d) 43. (b) 44. (b) 45. (b) 46. (c) 47. (d) 48. (b) 

49. (b) 50. (b) 51. (a) 52. (c) 53. (c) 54. (a) 55. (c) 56. (b) 

57. (d) 58. (a) 59. (b) 60. (b) 61. (b) 62. (a) 63. (a) 64. (a) 

65. (d) 66. (b) 67. (d) 68. (d) 69. (b) 70. (d) 71. (a) 72. (c) 

73. (b) 74. (d) 75. (a) 76. (c) 77. (b) 78. (c) 79. (a) 80. (c) 


81. (d) 82. (a) 83. (a) 84. (d) 85. (c) 86. (a) 87. (a) 88. (b) 

89. (c) 90. (b) 91. (c) 92. (b) 93. (b) 94. (b) 95. (d) 96. (a) 
( ) (c) 100. (b)  101.(a) 102.(c) 103.(c) 104. (c) 
( ( 





CASE-BASED QUESTIONS 


1. Read the passage given below and answer the following questions: 


When a solution does not obey Raoult’s law over entire range of concentration, then it is called 
non-ideal solution. The vapour pressure of such solution is either higher or lower than that 
predicted by Raoult’s law. If it is higher, the solution exhibits positive deviation and if it is 
lower, it exhibits negative deviation from Raoult’s law. The cause of these deviations lie in the 
nature of interactions at the molecular level. In case of positive deviation from Raoult’s law, A-B 
interactions are weaker than those between A—A or B—B, 2.e., the intermolecular attractive 
forces between the solute-solvent molecules are weaker than those between the solute-solute 
and solvent-solvent molecules. This means that in such solutions, the molecules of A(or B) will 
find it easier to escape than in pure state. This will increase the vapour pressure resulting in 
positive deviation. In case of negative deviations from Raoult’s law, the intermolecular attractive 
forces between A—A and B—B are weaker than those between A-B and leads to decrease in 
vapour pressure resulting in negative deviations. 


In these questions (Q. No (i) to (iv)), a statement of assertion followed by a statement of 
reason is given. Choose the correct answer out of the following choices. 


(a) Assertion and reason both are correct statements and reason is correct explanation for assertion. 


(b) Assertion and reason both are correct statements but reason is not correct explanation for 
assertion. 


(c) Assertion is correct statement but reason is wrong statement. 
(d) Assertion is wrong statement but reason is correct statement. 


(i) Assertion (A): A solution formed by adding carbon disulphide to acetone shows positive 
deviation from Raoult’s law. 


Reason (R): The dipolar interactions between solute-solvent molecules are stronger 
than the respective interactions among the solute-solute and solvent-solvent 
molecules. 


(ii) Assertion (A): A mixture of phenol and aniline shows positive deviation from Raoult’s law. 


Reason (R): The intermolecular H-bonding between phenolic proton and lone pair 
on nitrogen atom of aniline is stronger than the respective intermolecular 
H-bonding between similar molecules. 


OR 
Assertion (A): The vapour pressure increases in positive deviation from Raoult’s law. 


Reason (R): Theintermolecular attractive forces between the solute-solvent molecules are 
weaker than those between the solute-solute and solvent-solvent molecules. 


(iii) Assertion (A): A solution of n-hexane and n-heptane is an ideal solution. 


Reason (R): The intermolecular attractive forces between the solvent-solvent and solute- 
solute are nearly equal to those between solute-solvent. 
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(iv) Assertion (A): If on mixing two liquids, the solution becomes hot, it suggests that it shows a 
negative deviation from Raoult’s law. 


Reason (R): Solutions which exhibit negative deviation from Raoult’s law are accompanied 
by decrease in volume. 


Answers 


€) (c) (w) (d) OR (a) (wz) (a) (tv) (b) 


2. Read the passage given below and answer the following questions: 


Some liquids on mixing, form azeotropes which are binary mixtures having the same composition 
in liquid and vapour phase and boil at a constant temperature. In such cases, it is not possible to 
separate the components by fractional distillation. There are two types of azeotropes, minimum 
boiling azeotrope and maximum boiling azeotrope. The solutions which show a large positive 
deviation from Raoult’s law form minimum boiling azeotrope at a specific composition while the 


solutions that show large negative deviation from Raoult’s law form maximum boiling azeotrope 
at specific composition. 


In these questions (Q. No (i) to (iv)), a statement of assertion followed by a statement of 
reason is given. Choose the correct answer out of the following choices. 


(a) Assertion and reason both are correct statements and reason is correct explanation for assertion. 


(b) Assertion and reason both are correct statements but reason is not correct explanation for 
assertion. 


(c) Assertion is correct statement but reason is wrong statement. 
(d) Assertion is wrong statement but reason is correct statement. 


(i) Assertion (A): A mixture of 68% nitric acid and 32% water by mass form minimum boiling 
azeotrope. 


Reason (R): The solution which show a large positive deviation from Raoult’s law form 
minimum boiling azeotrope. 


(ii) Assertion (A): 95% by volume ethanol-water mixture is maximum boiling azeotrope. 


Reason (R): The solution that show large negative deviation from Raoult’s law form 
maximum boiling azeotrope. 


(iii) Assertion (A): Pure ethanol cannot be obtained from rectified spirit (approx 95% by volume 
of ethanol) even by fractional distillation. 


Reason (R): Rectified spirit (approx 95% by volume of ethanol) is an azeotrope, t.e., a 
constant boiling mixture. 


(iv) Assertion (A): In maximum boiling azeotropes, the boiling point of azeotrope is higher 
than that of either of the pure components. 


Reason (R): Boiling point of a liquid is the temperature at which its vapour pressure 
becomes equal to external pressure. 


OR 
Assertion (A): Non-ideal solutions always form azeotropes. 


Reason (R): Boiling point of an azeotrope may be higher or lower than boiling points of 
both components. 


Answers 
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() (d) (72) (d) (ut) (a) (wv) (b) OR (d) 
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3. Read the given passage and answer the questions that follow. [CBSE Question Bank] 
Boiling point or freezing point of liquid solution would be affected by the dissolved solids in the 
liquid phase. A soluble solid in solution has the effect of raising its boiling point and depressing 
its freezing point. The addition of non-volatile substances to a solvent decreases the vapour 
pressure and the added solute particles affect the formation of pure solvent crystals. According to 
many researches the decrease in freezing point directly correlated to the concentration of solutes 
dissolved in the solvent. This phenomenon is expressed as freezing point depression and it is 
useful for several applications such as freeze concentration of liquid food and to find the molar 
mass of an unknown solute in the solution. Freeze concentration is a high quality liquid food 
concentration method where water is removed by forming ice crystals. This is done by cooling the 
liquid food below the freezing point of the solution. The freezing point depression is referred as 
a colligative property and it is proportional to the molar concentration of the solution (m), along 
with vapour pressure lowering, boiling point elevation, and osmotic pressure. These are physical 
characteristics of solutions that depend only on the identity of the solvent and the concentration 
of the solute. The characters are not depending on the solute’s identity. 

(Jayawardena, J. A. E. C., Vanniarachchi, M. P. G., © Wansapala, M. A. J. (2017). 


Freezing point depression of different Sucrose solutions and coconut water.) 


The following questions are multiple choice questions. Choose the most appropriate answer: 
(i) When a non volatile solid is added to pure water it will: 
(a) boil above 100°C and freeze above 0°C (b) boil below 100°C and freeze above 0°C 
(c) boil above 100°C and freeze below 0°C (d) boil below 100°C and freeze below 0°C 
(ii) Colligative properties are: 
(a) dependent only on the concentration of the solute and independent of the solvent’s and 
solute’s identity. 
(b) dependent only on the identity of the solute and the concentration of the solute and 
independent of the solvent’s identity. 


(c) dependent on the identity of the solvent and solute and thus on the concentration of the 
solute. 


(d) dependent only on the identity of the solvent and the concentration of the solute and 
independent of the solute’s identity. 


(iii) Assume three samples of juices A, B and C have glucose as the only sugar present in them. 
The concentration of sample A, B and C are 0.1 M, 0.5 M and 0.2 M respectively. Freezing 
point will be highest for the fruit juice: 


(a) A (b) B 
(c) € (d) All have same freezing point 
(iv) Identify which of the following is a colligative property: 


(a) freezing point (b) boiling point (c) osmotic pressure (d) all of the above 
Answers 
(0) (c) (22) (d) (2) (a) (w) (c) 
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ASSERTION-REASON QUESTIONS 


In the following questions, a statement of assertion followed by a statement of reason is given. 
Choose the correct answer out of the following choices. 


(a) 
(b) 
(c) 
(d) 

i 


10. 


11. 


40 


Assertion and reason both are correct statements and reason 1s correct explanation for assertion. 


Assertion and reason both are correct statements but reason is not correct explanation for assertion. 


Assertion is correct statement but reason is wrong statement. 


Assertion is wrong statement but reason is correct statement. 


Assertion (A) : 
Reason (R): 
Assertion (A) : 
Reason (R): 


Assertion (A) : 
Reason (R): 


Assertion (A) : 
Reason (R): 


Assertion (A) : 


Reason (R): 
Assertion (A) : 


Reason (R): 


Assertion (A) : 


Reason (R): 


Assertion (A) : 
Reason (R): 


Assertion (A) : 


Reason (R): 


Assertion (A) : 


Reason (R): 
Assertion (A) : 


Reason (R): 


Molarity of a solution in liquid state changes with temperature. 
The volume of a solution changes with change in temperature. 
The solubility of a gas in a liquid increases with increase of pressure. 


The solubility of a gas in a liquid is directly proportional to the pressure of the 
gas. 


Raoult’s law is a special case of Henry’s law. 


Higher the value of K,, ata given pressure, the lower is the solubility of the gas in 
the liquid. 


Non-ideal solutions always form azeotropes. 


Boiling point of an azeotrope may be higher or lower than boiling points of both 
components. 


If more volatile liquid is added to another liquid, vapour pressure of solution will 
be greater than that of pure solvent. 


Vapour pressure of solution is entirely due to solvent molecules. 

The vapour pressure of a liquid decreases if some non-volatile solute is dissolved 
in it. 

The relative lowering of vapour pressure of a solution containing a non-volatile 


solute is equal to the mole fraction of the solute in the solution. 


The boiling point of pure solvent is always higher than the boiling point of 
solution. 


The vapour pressure of the solvent decreases in the presence of non-volatile 
solute. 


When NaCl is added to water a depression in freezing point is observed. 


The lowering of vapour pressure of a solution causes depression in the freezing 
point. 


When asolution is separated from the pure solvent by a semipermeable membrane, 
the solvent molecules pass through it from pure solvent side to the solution side. 


Diffusion of solvent occurs from a region of high concentration solution to a 
region of low concentration solution. 


Lowering of vapour pressure is directly proportional to osmotic pressure of the 
solution. 


Osmotic pressure is a colligative property. 


Molecular mass of polymers cannot be calculated using boiling point or freezing 
point method. 


Polymers solutions do not possess a constant boiling point or freezing point. 
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12. Assertion (A) : The boiling point of 0.1 M urea solution is less than that of 0.1 M KCI solution. 


Reason (R) : Elevation of boiling point is directly proportional to the number of species present 
in the solution. 


13. Assertion(A) : Osmotic pressure is a colligative property. [CBSE 2020 (56/3/1)| 
Reason (R) : Osmotic pressure is directly proportional to molarity. 

14. Assertion(A) : Non-ideal solutions form azeotropic mixture. [CBSE 2020 (56/3/3)| 
Reason (R) : Maximum boiling azeotropes are formed by a solution showing negative deviation. 

15. Assertion (A) : Elevation in boiling point is a colligative property. [CBSE 2020 (56/5/1)| 
Reason (R) : Elevation in boiling point is directly proportional to molarity. 

16. Assertion (A) : An ideal solution obeys Henry’s law. [CBSE 2020 (56/5/3)| 


Reason (R) : In an ideal solution, solute-solute as well as solvent-solvent interactions are similar 
to solute-solvent interaction. 


Answers 
1. (a) 2. (a) 3. (b) 4. (d) 5. (c) 6. (b) 7. (d) 8. (a) 
9. (b) 10. (b) 11. (c) 12. (a) 13. (a) 14. (b) 15. (c) 16. (d) 





HINTS/SOLUTIONS OF SELECTED MCQS 


1. (c) Amalgam of mercury with sodium is an example of solid solution in which mercury (liquid) is 
solute and sodium (solid) is a solvent. 


2. (c) 1 ppm = 10° mg 
1 kg water = 10° mg: 
10° mg water contains 6 mg Os, 
.. Concentration of Os is 6 ppm. 
3. (b) 1 molal aqueous solution means | mole of solute is dissolved in 1 kg of water 


= No. of moles of solute =1 mole 
1000 
18. 
= 55.55 moles 
<. Total no. of moles =1+55.55=56.55 moles 


Now, we know 


No. of Moles of water = 


Moles of solute 


BoA ton of solute = = 
Total moles in solution 


7 r H — Al — 
=> Mole fraction in solute = 56.55 ~ 0.0177 


20. (b) When a non-volatile solute like KCl is added to a solvent (water), the vapour pressure of 
the solution decreases. So, the solution needs to be heated to a higher temperature in order 
to equalise with the atmospheric pressure compensating the lowering of vapour pressure 
compensating the lowering of vapour pressure in order to boil. Therefore, the boiling point 
of the solution increases. 


aks {c 


t” 


The vapour pressure of water at Delhi will be less as compared to the Puri district due to 
presence of more non-volatile impurities in Delhi. 
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22. 


23. 


24. 


25. 


26. 


ya 


28. 


29. 


30. 


31. 


32. 


33. 
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ppm of solute Weight of solute 





(b) 10° ~ Weight of solution 
ppm of MgSO, _ 40mg 
10° 10 kg 
40x10°g 
ppm of MgSO, = 10x10 g x10 =4 ppm 


(c) Let the solution be 1 litre or 1000 cm”. 
.“. Number of moles of HSO; = 1.35 
Weight of solution = 1000 x 1.02 = 1020 g 
Weight of sulphuric acid = 1.35 X 98 = 132.3 g 


Weight of water = 1020 — 132.3 = 887.7 g 
Molality of H,SO, = e x 1000=1.52 m 

(c) Molal depression constant (Ky) is independent of the concentration term, 2.e., molarity 
and therefore on doubling the value of molarity of dilute solution, the value of Ky remains 
unchanged. 

(a) When dried grapes or raisins are placed in water, the water from the surrounding enters into 


the raisins and therefore the raisins swell up. The phenomenon involved is called osmosis. 

(d) The non-ideal solutions which shows a large positive deviations from Raoult’s law forms 
minimum boiling azeotrope at a specific composition, e.g., n-hexane-acetone. The other three 
given options are examples of negative deviation from Raoult’s law. 

(a) When egg is placed in a saline solution (hypertonic solution), exosmosis occurs and the egg 
shrinks due to loss of water to the surrounding environment. 

(d) Non-volatile solutes lowers the vapour pressure of a solvent which in turn increases the boiling 
point of the solution and decreases the freezing point of the solution. 

(c) Molality is not affected by change in temperature because it depends on the mass of solvent 
which do not change with temperature. 

(d) Both molality and mole fraction are not affected by change in temperature. While molarity, 
normality and w/v % all are affected by temperature as they depend on the volume of the 
solution. 

(c) Pressure has no effect at all on solubility of solute is solid or liquid. However, pressure is an 


important factor affecting the solubility of gas in liquids. 
m 











(d) Nyc = M , where m = Mass, M = Molecular mass 
au 
P 5.85 _ 
= gp 7 0.1 mol 
Mio 90 oo 
so = =- = 5 moles 
2 Mu,0 18 
__ O10 _ 
X= 745 0.0196 


(b) A pressure cooker contains the steam, which increases the pressure in the pot. They have a 
regulator which sets the pressure at about 10 - 15 PSI higher than the standard pressure. This 
increases the boiling point, so the boiling liquid and the steam are hotter than they would be 
at normal atmospheric pressure. 
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34. 


35. 


36. 


37. 


38. 


39. 


40. 


41. 


42. 


(b) 


(d 


— 


(b) 
(d) 


Molarity of pure water means the number of moles of H O per litre of water. Since, the 
density of water is 1 g/L, the mass of 1 L or 1000 mL of water will be 1000 g. Thus, the number 
of moles of H,O in 1000 g will be 


MassofH,O  1000g 


HO — Molar mass of H,O = 18 =55.5 mol 


n 


As these moles are present in 1L of HO, we say that molarity of HO is 55.5 M. 

Colligative properties of solutions are properties that depend upon the number of solute 
particles (molecules or ions), but not upon the identity of the solute. Colligative properties 
include vapour pressure lowering, boiling point elevation, freezing point depression, and 
osmotic pressure. 

Raoult’s law states that the partial pressure of each component of an ideal mixture of liquid 
is equal to the vapour pressure of the pure component multiplied by its mole fraction in the 
mixture. On adding non-volatile solute to the volatile, the vapour pressure of the solution 
decreases. Mathematically, it can be represented as 


P 4 — P NB 
PA 

Two solutions are said to be isotonic when they exert the same osmotic pressure because they 

have the same molar concentration. 


P,=P8x,4 or =—_+_— 
nA + Np 


Mass of Glucose = 18 g 
Molar mass of glucose = 180 g/mol 


Molality = —Molesof solute __ 
M Mass of solvent (in g) 


18 1000 _ 1 _ 
T80 X T000 = To 0.1 molal 


Osmotic pressure is a colligative property. 


x 1000 


Molality = 


Mathematically, 


Osmotic pressure (7) = git 


< = C (concentration) 

m= CRT 
If R and T is constant, then, Ta C 
Non-volatile solutes lowers the vapour pressure of a solvent. This results in decrease in the 
freezing point ofa solution. As only at lower temperature, the vapour pressure of solution will 
be equal to that of the solute. 
Colligative properties of solutions are properties that depend upon the number of solute 
particles (molecules or ions), but not upon the nature of the solute. Colligative properties 
includes vapour pressure lowering, boiling point elevation, freezing point depression, and 
osmotic pressure. 


Given, tm = 2.5 atm, T = 24 + 273 = 297 K 
R = 0.0821 litre atm K mol! 

m =CRT 

C T 2.5 


~ RT 0.0821x297 
= 0.1025 moles/litre 
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43. 


44. 


45. 


46. 


47. 


48. 


49. 
50. 
51. 


52. 
53. 


54. 


59; 


56. 


57. 
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(b) . 


AT, = Kym 


0.52 x 6 X 1000 
0.32=- 100 M 
ve 0.52 x 6 x 1000 
0.52 x 100 
= 60 kg/mol 


Molarity (M) indicates the number of moles of solute per litre of solution (moles/Litre) and 1s 
one of the most common units used to measure the concentration of a solution. 


The boiling point of a substance is the temperature at which the vapour pressure of the 
substance become equal to the atmospheric pressure. Thus, the boiling point of a solution 
containing a non-volatile solute is higher than that of the pure solvent . This effect is called 
boiling point elevation. 


The vapour pressure of an aqueous methanol solution is more than that of water but less than 
that of methanol. This is because the solute-solvent interaction in case of methanol and water 
is more (due to formation of greater hydrogen bonding) as compared to methanol but less 
than that of water due to more extensive hydrogen bonding in case of water. 


(NV), esulting = N,V, + NoVo + N: V3 
N x 1000 = 1x5 +5 5 X20 +x 30 
-A 
N = 70 


b) As we know that, 6.022 Xx 107° molecules = 1 mole 
( 


(b) 


So, 6.022 x 10°? molecules= 0.1 moles 


=. _ Number of moles of solute —0.1x1000 _ 
a a Volume of solutonin litre 500 ane 
When a non-volatile solute like NaCl is added to ice, the vapour pressure will decreases as a 


result, the melting point of ice will decrease. 


(b) A solution is a homogeneous mixture of two or more pure substances, the relative ratio of 


which can be changed within certain limits. 


(a) A solution is called an ideal solution if it obeys Raoult’s law over a wide range of concentration 


(c) 


and at a particular specified temperature. 


Real solution shows either positive or negative deviation from Raoult’s law. 


(c) A 0.91% NaCl solution is isotonic with human red blood corpuscles (RBC). Therefore, in this 


(a) 


(c) . 


solution, RBC will neither shrink nor swell. 

Chlorobenzene-bromobenzene is an example of ideal solution. Here, A—A and B—B 
interactions are same as that of A—B interactions. 

Moles of solute 


Number of moles = r P E 
S nono,- -2 - Aa 0.111 
> "cH,OH =35 Raa 
on = 20 = 0.333 


CHCOOH ` 60 


(b) An increase in temperature increases the volume of the solution and thus, decreases its 


molarity. 


The other given concentration terms, do not depend on temperature. 


(d) Addition of glycol lowers the freezing point of water in the radiator so that the cold winter 


temperatures wouldn't burst the lines and therefore, glycol-water mixture is used as antifreeze 
in radiators of cars. 
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58. 


59. 


60. 


61. 


62. 


63. 


64. 


Weane sugar 





(a) Molar concentration of cane sugar = 349x100 x 1000 ..-(2) 
M 1 . f Wurea 1000 ae 
l : ‘ea = ———-x e 
olar concentration of urea 60 x 100 (u) 
On equating equation (2) and (2), we get 
Wceane sugar _ 0.86 
342 60 
0.86 
Wceane sugar = 60. X 942 
4.9 moles _ | 
100mL 2” 

(b) According to the Raoult’s law, the partial pressure of each component of an ideal mixture of 
liquids is equal to the vapour pressure of the pure component multiplied by its mole fraction 
in the mixture. Mathematically, it can be expressed as 
pa=paXxa 
or pp= ppXXz 

(b) High altitudes have lower atmospheric pressure. As you get higher up into the atmosphere 
the air pressure gets lower. Therefore, boiling point of water will generally be at lower 
temperature. 

AT, = Kpm 
AT, K 
Ath be _ 0.512 - . ¢ 
AT, K, 1.86 (2 The solution is same) 
_ 0.512 0.186 _ 9 0519C 
AT, = 1.86 0.0512°C 

(a) In a mixture of A and B, components show negative deviation as AH,;, =—ve and 
AY enix = ve 
This can be explained as 
If the force of attraction between molecules of A and B in the solution are stronger than that 
of between A-A and B-B, then the tendency of escaping of molecules AB from the solution 
becomes less than that of pure liquids. 

The total pressure of the solution will be lower than the corresponding vapour pressure of 
ideal solution of the same component A and B. This type of solution shows negative deviation 
from Raoult’s law. 

(a) Ba(OH)o + 2HCl —— BaCl, + 2H»O 
According to the given balanced equation, 

MV, _ MV, 
n 7 No 
where M,, Mo, V; and V, are the molarity and volume of Ba(OH), and HCI respectively 
n, = 1 [For Ba(OH)»] 
No = 2 [For HCl] 
M, X29 _ 0.135 
l 2 
_ 0.135 
Mi =- 95x2 
= 0.07 molar 
(a) For ideal solutions, AH,,,;, = 0, neither heat is evolved nor absorbed during dissolution. 
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65. 


66. 


67. 


68. 


69. 


70. 


71. 


12. 


13. 
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(d) Two sucrose solutions of the same molality prepared in different solvents will have different 
freezing point depression. This is because the molal depression in freezing point constant K, 
is different for different solvents. 


The freezing point depression > AT; =K, X m 
Here, m is the molality of sucrose solution. 


(b) Boiling point and freezing point depends upon K, (molal elevation constant) and K; (molal 
depression constant) of the solvent. Thus, equimolar solution (of the non-electrolyte) will 
have same boiling point and also same freezing point. 


AT; = Ky X molality 
AT, = K, X molality 
(d) The glucose solution should have the same osmotic pressure as that of the blood stream and 


the blood; otherwise the blood vessels would either shrink or burst depending upon the 
concentration of glucose. 


(d) The most commonly used semipermeable membrane in laboratory is prepared by depositing 
copper ferrocyanide in porous walls of a battery pot or unglazed porcelain. 
(b) According to Raoult’s law 
P = p°4. Xa + PB: XB 
290 = 200 x 0.4 + p°g . 0.6 
p°g = 350 mm 
(d) Let the amount of A in the mixture is y4 and B be the yz, 
P=p'4-4at PB: Xp 
760 = 520 yx, X 1000 (1 - x,) 


480 %4 = 240 
a= > or 50 mol% 


(1 atm=760 mm Hg) 
(a) According to Raoult’s law, 


In a solution containing non-volatile solute. The relative lowering of vapour pressure of 
solution is directly proportional to its mole fraction. 


— O 
P solution p x Xsolvent 


Let A be the solute and B the solvent 


ee. ae 178.2/18 
Xe — n, +n, 18/180 + 178.2/18 
9.9 
<n = 9.04 > 0.99 
17.5- p, 
—r7; ~ 0.99 
Or, 17.5 - p, = 17.32 
=> p, = 9.175 mm Hg. 


(c) A 5.2 molal aqueous solution of methyl alcohol means 5.2 moles of methyl alcohol is present 
in 1000 g of water. 





<”. Mole fraction = F ri W (n = moles of methyl alcohol, N = moles of water) 
9:2 
= an 0006 
1000 
Sa T 18 


(b) Camphor has a large K, value and therefore, it will cause large depression in the melting point 
of a solution with very small amount of naphthalene. 
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74. (d) AT, = Ky m 


AT, = Kym 
: AT K 
AT, K, 
AT, = 100.18 — 100 
= 0.18°C 
E AT; _ 1.86 
0.18 0.512 
AT, = 0.6539 
or AT; = AT; = T? = Ty = 0°C — 0.654 
fea =-—0.654°C 


75. (a) By Raoult’s law, 
Pr = ppXpt Po Xo 


_ 3 2 
Py — 80 x r + 60X 

= 48 + 24 

= 72 torr 


76. (c) 5% solution of non-volatile solute means 5 g of solute present in 100 mL of solution. For 
isotonic solution, 


Turea — Thnon-volatile solute 
Caen i hi — M.. solute XARXA 
Nurea me Non - volatile solute 
ae RT ay RT 
Warea RT = Wn - volatile solute x RT 
a ee xV non - volatile solute xV 
AEF  _ > 
60 x 1000 M x 100 
w = 2X60 x 1000 
10 x 100 
= 300 g mol’ 
77. (b) AT;= Kym 
= K Wolute x 1000 
f WE iseni x ae 
_ 5.121000] 
51.2 x 250 
— 100 | 
= O70 ~ 0.4K 


78. (c) In case of pure ethanol, the molecules are held together by hydrogen bond. On adding 
acetone, the molecules of acetone gets in between the host molecules causing breaking of 
hydrogen bonds. Thus, A-B interaction < A-A or B-B interaction. Therefore, it shows 
positive deviation from Raoult’s law. 


79. (a) For dilute solution, it has been found that the molal elevation of boiling point is directly 
proportional to the molal concentration of the solute in the solution. Thus, 


AT,«am or AT,=K,Xm 


b ; 
= K, = m (molality) 
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80. 


81. 


82. 


83. 


84. 


85. 


86. 


87. 
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(c) The azeotropic mixture showing positive deviation from Raoult’s law has higher vapour 





— than either of the two liquids. 

(d) Osmosis is the phenomenon of flow of pure solvent from the solvent to the solution or from 
a less concentrated solution to a more concentrated solution through a semipermeable 
membrane. Common semipermeable membranes are permeable to certain solute particles 
also. Infact, there is no perfect semipermeable membrane. Therefore we can say that flow of 
water through a semipermeable membrane takes place both sides with unequal rates. 


pressure or lower boiling point K V.P. 


(a) There will be no net movement of the solvent through the semipermeable membrane between 
two solutions of equal concentration. 


l 


(a) nı (for glucose) = 180 > 0.05 
No (for urea) = ay = 0.16 
nz (for sucrose) = 1 0.03 
3 | 342 
TV =nRT 
So, .. Tan 
So, To > 1, > Tg 
(d) nV = nRT 
or nV = -7 RT 
_ wWXRXT 
M = "RXV 
+ 1.26 x 0.083 x 300 
2.57 x10” x 0.2 
= 61039 g mol’ 
Norm b Weight of solute in g x 1000 
c) Z a la Eq. weight of solute X Volume of solute in mL 
N X Eq. weight x V Per 
w =— moo [For dibasic acid, Z = 2] 
_ 0.1200 x 100 
1000 x 2 
(a) AT, = K,m 
T,- T; = K, X m 
= 0.6x3x1000 
100.52 — 100.00 = ~ MxX200 
_ 1800 
104 
= 17.31 g mol’ 
(a) T, = 353.23 K, Wz, = 1.8 g 


W, = 90 g, T, = 354.11 K 
Kp = 2.53 K kg mol! 
AT, = T,- T; = 354.11 — 353.23 


= 0.88 K 
yy = Me™ Ka X1000 _ 1.8x2.53x1000 
B AT, XW, 0.88 x 90 


57.5 = 58 g mol" 
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88. (b) We know that 











b-p _ wim 
p° w/m + W/M 
121.8-120.2 _ ___15/m 
121.8 250 
15/m + F8 
m = 354.8 g 
p-p _ wm 
89. (c) > WIM 
143-p _ 0.5x154 
143 65X158 
143-p | 
~g ~ .01 
143 —p = 1.694 


p = 143 - 1.694 
= 141.95 mm Hg 
90. (b) x; = 0.2 


As we know that, 








p-p 
p° a X] 
10 
> = 0. 
p 2 


p = 50 mm Hg 
Again, when 


p -p= 20mm Hg 


then, 
205 
50 % 
Xı = 0.4 
So, Xə = 1-0.4 


= 0.6 
91. (c) The osmotic pressure of the solution is expressed as 


1 =CRT, or, T=—RT 





V 
t= OS me" < 0.0821 L atm K mol! x 273K 
AT. K 
ee 2 
92. (b) AT TK, 
K; 
AT, — A. 
1.86 
= gpr X055 
=9K 
T-= 273-2 
—971K 
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— A 
93. (b) X 4 n, +n, +n, 
E 1000 _ 
nN, =], ng =- jg = 99-99 
-—! ___1 =0.018 
Xa ~ 7455.55 56.55 ” 


94. (b) 4.5 m means 4.5 moles of solute in 1000 g of solvent (HO) 
m 


x 55.5 +m 
AB 

X $5.5 4-45 
= 0.075 


95. (d) Addition of water to an aqueous solution of KI decreases the concentration of the solution 
thereby increasing the vapour pressure. In the other three options, the electrolytes will 
undergo ionisation that leads to lowering of vapour pressure. 


96. (a) We know, AT; = Kym 
Here me 68.5 x 1000 
342 x 1000 
AT, = 0.2003 x 1.86 
= 0.3725° C 
T; = 0°C - 0.4 NG 
= — 0.37% C 
97. (d) According to Raoult’s law, 
b=YXaPs + Xepe (2) 
for Binary solutions, 
Xs d 
Kua 1 -Xa + (22) 


Putting value of 7, from equation (7) into equation (2), we get 
p = Xa Pa + (1 -xXa) bp 
= Xa Pa +t Pr- Xa Pg 
p = pr + Xa (ba — pp) 


98. (c) Moles of CHCl, = A = 0215 
Moles of CH.Cl, = £2 = ().31 
= 0213 č _ 
XcHc, ~ 0.913 +0470 CÌ! 
o 0470 Žž 
XcH,c ~ 0213 +0470 069 


— O O 
Pr = Poua,*cua, + Pcu,cl,*cH, cl, 


= 200 x 0.31 + 41.5 x 0.69 
= 62 + 28.64 
= 90.64 mm Hg 
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W x 1000 





99. (c Molarity = 
( ) 4 My x Vat (mL) 
W 71000 
= 2 = 63 * 250 
63 
W = 9 8 


70 _ 63 
Mass of acid X T00 = "9 


Mass of acid = 45 g 
100. (b) An ideal solution has the following condition: 
e Volume change (AV) of mixing should be zero. 
e Enthalpy change (AH) of mixing should be zero. 
e Obey’s Raoult’s law at every range of concentration. 


101. (a) The non-ideal solutions that show large negative deviation from Raoult’s law forms maximum 
boiling azeotrope at a specific composition, e.g., a mixture of conc. HNO, and HoO. The other 
5 p p p £ 3 9 
three given options are example of positive deviation from Raoult’s law. 


102. (c) AT; = Kym 
= 1.86 x 0.05 
= 0.093°C 
Iy = 0°C 
or i= Ty — AT; 
= 0°C — 0.093°C 
= -0.093°C 


103. (c) The Henry’s law is applicable only when 
(i) The gas should not undergo any chemical change. 
(wz) The gas should not undergo any dissociation or association in the solution. 
(u1) The pressure of the gas is not too high and temperature is not too low. 

104. (c) The vapour pressure of a liquid increases with increase in temperature. This is because, with 
increase in temperature, the K.E. of the molecules increases and therefore large number of 
molecules will be available for escaping from the surface of the liquid. 

It is independent of surface area and volume of the container. 

105. (b) Benzene - methanol shows a positive deviation from Raoult’s law. 

When benzene is added in pure methanol, the molecules come in between the methanol 
molecules thus breaking up hydrogen bonds. Therefore, in benzene - methanol mixture the 
intermolecular forces of attractions are weaker than those in pure liquids. 

Consequently, the boiling point of the mixture is decreased and the vapour pressure of the 
solution is increased. 

106. (a) Isotonic solution have same osmotic pressure. 

Tı = CIRT, Tto = CRT 


=> Tl = To 
Or, C,RT = CoRT 
TIRT = —2.RT 
Vo" UV 
1.5 _ Me 
60 M 
1.5. 529 
60 M 
M = 2:22%60 _ 210 g mol” 


1.9 
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N pentane i 

107. (d) Tre =a 
exane 

s -1 

wa X pentane 7 5 

== 

XHexane E 5 


= 50 O 
FTotal 7 P pentane ns X pentane 7 P Hoane n XHexane 


= 440x $+ 120x $ = 184 mm of Hg 


By Raoult’s law 
Now p 


— po 
pentane p pentane X pentane 


x is mole fraction of pentane in solution. 
pentane 


By Dalton’s law 
=FR salit) 


P pentane pentane 


Xpentane 1s mole fraction of pentane in vapour phase. 
From (2) and (ù), we get 


O — / 
P pentane i Xpentane = Pr XX pentane 

O 

y’ _ P nentaie x Xpentane 
t 

pentane Fr 

440 X E 

7 5 

184 


I 70-478 


52 | Chemistry—Xll: Term-1 WWWW.JEEBOOKS.IN 


ELEMENTS 


THE p-BLOCK 
03 A 





BASIC CONCEPTS 


The Nitrogen Family 


1. 


ag 


© ae a A 


The group 15 of the periodic table consists of nitrogen(N), phosphorus(P), arsenic(As), antimony(Sb) and 
bismuth(B1) 
All these elements have a half filled np subshell. 


The atomic radii, density, metallic character, boiling points and the stability of +3 oxidation state increases 
on moving down the group. 


The melting point first increases from N to As and then decrease to Bi. 


Ionisation energy, electronegativity, stability of +5 oxidation state, tendency to form pr — px multiple 
bonds decreases on moving down the group. 


As and Sb are metalloids. 
Except Bi, all other elements of the group inhibit allotropy. 
The tendency for catenation is maximum in phosphorus. 


The hydrides of these elements are formed by sp? hybridisation have distorted pyramidal structure. Their 
properties vary as follows. 


H —-M-H bond angle : NH, > PH, > AsH; > SbH, > Bil, 

Thermal Stability : NH, > PH; > AsH;> SbH; > BiH; 

Basic strength : NH, > PH; ; AsH, > SbH; and BiH; practically do not show any basic properties. 
Reducing character : NH; < PH, < AsH, < SbH, < BiH, 


The Oxygen Family (Group 16 elements) 


1. 


A YS 


The group 16 of the periodic table consists of oxygen (O) sulphur(S), Selenium (Se), Tellurium(Te) and 
Pollinium (Po). 

The atomic radii, density, melting ad boiling points and metallic character increases on moving down the 
group 16. 

Ionisation energy, electronegativity, tendency to exist in —2 oxidation state, tendency of formation of 
multiple bonds decreases on moving down the group 16. 

Electron affinity of oxygen is less than that of sulphur. 

Se and Te are semiconductors. 

All the elements of groups 16 show allotropy. 


The hydrides of the elements of group 16 are of the type H,M. They have sp? hybridisation and angular 
structures. Their properties vary as follow : 


H- M -H bond angle :H,O>H,S>H,Se>H,Te 


Volatility : H2O < H,S > H,Se > H, Te 
Thermal stability : H-O > H,S > H,Se > H, Te 
Acidic strength : H2O < H,S < H,Se < H, Te 
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The Halogen Family (Group 17 elements) 

1. The group 17 of the periodic table consists of fluorine(F), chlorine(Cl), bromine(Br), iodine(I) and astatine 
(At). They are collectively known as halogens. 
The atomic and ionic radii, density, melting and boiling points increases on moving down the group. 
Ionisation energy and electronegativity decreases on moving down the group. 
Halogen have high electron affinity 


Se 


The ionic character of M — X bond in metal halides decreases in the order. 
M-F>M-lLi>M-Br>M-I 

6. All the halogen combine with hydrogen to form hydrogen halides. Their properties follows the following 

trends. 

Thermal stability : HF > HCl > HBr > HI 


Reducing character : HF < HCl < HBr < HI 
Acidic valiance : HF < HCl < HBr < HI 
Bond dissociation energy : HF > HBr > HI 


7. The acid strength of different oxo acids of halogens increases with increase in the oxidation number of the 
halogen atom. HCIO < HCIO, < HICO, < HCIO,. 


The Noble Gases (Group 18 elements) 
1. The group 18 of the periodic table consists of helium (He), neon(Ne), argon(Ar), krypton(Kr), Xenon(Xe), 
radon(Rn). These are known as noble gases. 
2. All the noble gases are monatomic. 
3. All the noble gases have very closed shell electronic configuration. 


4. The atomic radii of noble gases are van der Waals radii and are larger than the atomic radii of corresponding 
elements of group 17. 


5. The atomic-radi, melting and boiling points, solubility in water and liquefaction tendency of noble gases 
increases on moving down the group. 


6. Ionisation energy of noble gases decreases on moving down the group. 


7. The melting and boiling points of noble gases are much lower as compared to those of other elements of 
comparable molecular mass. 


8. The ionisation energy of each noble gas, atom is the highest in its period. 


9. The first compound of nobel gases involving chemical combination was prepared by Neil Bartlett in 1962 . 


IMPORTANT REACTIONS 





p-Block Elements 


1. NH,Cl(aq) + NaNO, (aq) —*“*— > N,(g) + 2H,O(/) + NaCl(aq) 


Heat 


2. (NH,),Cr,O, 





N, + 4H,O + Cr,0, 
3. AgCl(s) + 2NH,(aq) —— [Ag(NH,),]Cl(aq) 
White ppt. Colourless 
4. 3Cu + 8HNO,(dil.) —— 3Cu(NO,), + 2NO + 4H,O 


5. Cu + 4HNO,(conc.) —— Cu(NO,), + 2NO, + 2H,O 


6. 4Zn + 10HNO,(dil.) —— 4Zn(NO,), + 5H,O + N,O 


2 


7. Zn + 4HNO,(conc.) ——> Zn(NO,), + 2H,O + 2NO, 


3)2 
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10. 


11. 
12. 
13. 


14. 


16. 


17. 


18. 


19. 


20. 


21. 


PRA 
FAR 


24. 


26. 
zie 


28. 


29. 
30. 
31. 
32. 
33. 


34. 


L +10HNO, —— > 2HIO, + 10NO, + 4H,O 
S, + 48HNO, —— 8H,SO, + 48NO, + 16H,O 
NO; + 3Fe** +4H* —— NO + 3Fe™* + 2H,O 
[Fe(H,0) J] + NO —— [Fe(H,O),NO]* + H,O 


(Brown) 
2Fe** + SO, + 2H,O —— 2Fe** + SOF + 4H” 
2Se,Cl, —— SeCl, + 3Se 


CuCl > 


4HCI + O, 2Cl, + 2H,O 


2 
21 (aq) + H,O(/) + O,(g)—— 20H (aq) + L (s) + O,(g) 

SO, (g) + Cl,(g) —> SO,CL (D 

5SO, + 2MnO; + 2H,O —— 5S0 + 4H* + 2Mn** 

2MX + H,SO, —— 2HX + M,SO, (M= metal, X =F, Cl, NO3) 
CuF, + H,SO, —— CuSO, + 2HF 

Cu + 2H,SO,(conc.) ——> CuSO, + SO, + 2H,O 

3S + 2H,SO,(conc.) —— 3S0, + 2H,O 

C + 2H,SO,(conc.) ——> CO, + 280,,+ 2H,O 

E 2X — > 2F + X (X =Cl, Br or 1) 

4HF(aq) + O,(g) — =" 4H" (aq) + 4F (aq) + O,(g) 

MnO, + 4HClI(conc.) ———> MnCl, + Cl) + 2H,O 

4HCI + O, —— = 2Cl, + 2H,O 
S, + 4Cl, ——.4S}Cl 

H,S + Cl, ——)2HCl + S 


2NaOH + Cl, ——> NaCl + NaOCl + H,O 
(cold and dilute) 


6NaOH + 3Cl, —— 5NaCl + NaClO, + 3H,O 


(hot and conc.) 

2Ca(OH), + 2Cl, ——> Ca(OCl), + CaCl, + 2H,O 
SO, + 2H,O + Cl, —— H,SO, + 2HCl 

Na,SO, + 2HCl —— 2NaCl + H,O + SO, 

Au + 4H” + NO; + 4Cl —— AuCl} + NO + 2H,O 
L + 3Cl, —— 2ICl, 


(Excess) 


+ 3F, = 2c, 


(Excess) 


Cl, 
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35. Br 


, + SE, —— 2Brk, 


(Excess) 


673 K, 1 bar 
es 


36. Xele) +: B(g) XeF, (s) 
(Xenon in excess) 
37. Xe(g) + 3P (g) — A _, XeF (s) 


(1:20 ratio) 
38. XeF, + O,F, —> XeF, + O, 
39. 2XeF,(s) + 2H,O()) —— 2Xe(g) + 4HF (aq) + O,(g) 
40. XeF, + PF, —— [XeF]* [PF] 

XeF, + SbF; —— [XeF,]” [SbF] 
41. XeF, + MF —— M'[XeF] (M=Na,K, Rb or Cs) 
42. 6XeF, + 12H,O —— 2XeO, + 4Xe + 30, + 24HF 
43. XeF, + 3H,O —— XeO, + 6HF 


XeF, + HO —> XeOF, + 2HF 





Xenon 
44. oxytetrafluoride 
XeF, + 2H,O —> XeO,F, + 4HF 
Xenon 
dioxydifluoride 
IMPORTANT STRUCTURES 
1. 
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Structure of nitric acid 
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O — O O 
OH HO OH HO 
Sulphurous acid Sulphuric acid Peroxodisulphuric acid Pyrosulphuric acid (Oleum) 
(H2SO3) (H2504) (H2S20s) (H2S207) 
Structure of some oxoacids of sulphur 
3. J H P H 
O O 
ZO ZN 
O O O 5 a 5 A pO 5 
AS AnA / / 
H Cl H Cl O O 
Hypochlorous acid Chlorous acid Chloric acid Perchloric acid 


Structures of oxoacids of chlorine 
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XeF,(sp°d) XeF,(sp°d?) XeF(sp?°d?) XeOF,(sp°d) XeOF,(sp3d?) XeO,(sp?) 
Linear Square Linear Distorted T-shaped Square Trigonal 
Octahedral Pyramidal Pyramidal 


Structures of some xenon compounds 


MULTIPLE CHOICE QUESTIONS 


Choose and write the correct option in the following questions. 


l. 


10. 


Out of the following halides of group 16, which does not possess reducing property? 

(a) Hole (b) HoSe (c) HS (d) HO 

SO, acts as a/an 

(a) Oxidising agent (b) Reducing agent (c) Bleaching agent (d) All of these 

Which of the following arrangements represents the correct order of electron gain enthalpy 


(with negative sign) of the given atomic species? 


a) S<O<CI<F (b F<C0O<0<S ()CA<F<S<O (d)O<S<F<C 


Which of the following is not tetrahedral in shape? [NCERT Exemplar] 
(a) NH} (b) SiCl, (c) SF, (d) SOF 

Which of the following are peroxoacids of sulphur? [NCERT Exemplar] 
(a) HSO; and H.S.Og¢ (b) HSO; and HSO; 

(c) HSO; and H.S.Og¢ (d) HSoOs and HSO; 


Hot conc. H, SO; acts as moderately strong oxidising agent. It oxidises both metals and nonmetals. 
Which of the following element is oxidised by conc. H,SO, into two gaseous products? 

[NCERT Exemplar] 
(a) Cu (b) S (c) C (d) Zn 


In qualitative analysis when HS is passed through an aqueous solution of salt acidified with 
dil. HCI, a black precipitate is obtained. On boiling the precipitate with dil. HNO,, it forms a 
solution of blue colour. Addition of excess of aqueous solution of ammonia to this solution gives 


i [NCERT Exemplar] 
(a) deep blue precipitate of Cu (OH), (b) deep blue solution of [Cu (NHs),]°* 
(c) deep blue solution of Cu(NOs¢)o (d) deep blue solution of Cu(OH)>.Cu(NOs)o 
When chlorine reacts with hot and conc. NaOH, the product(s) formed are 
(a) chloride (b) hypochlorite 
(c) chlorate (d) mixture of chloride and chlorate 


On addition of conc. H,SO, to a chloride salt, colourless fumes are evolved but in case of iodide 


salt, violet fumes come out. This is because: [NCERT Exemplar] 
(a) HSO; reduces HI to I, (b) HI is of violet colour 

(c) HI gets oxidised to I, (d) HI changes to HIO, 

Reduction potentials of some ions are given below. Arrange them in decreasing order of 
oxidising power. [NCERT Exemplar] 
Ion ClO; 10, BrO, 

Reduction potential E°/V E° = 1.19 V E? = 1.65 V E? = 1.74 V 

(a) CIO} > IO} > BrO} (b) 10, > BrO} > ClO; 

(c) BrO, > IO} > ClO, (d) BrO} > CIO} > IO} 
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15. 
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17. 
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25. 
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08 


The correct order of increasing bond angles in the following species is: 

(a) Cl O < ClO; < CIO, (b) C105 < Cl, O < ClO, 

(c) Cl,O< ClO, < ClO; (d) Cl, O < ClO, < ClO, 

Which of the following is isoelectronic pair? [NCERT Exemplar ] 
(a) IClə, ClO» (b) BrO,, BrF (c) ClO», BrF (d) CN’, O; 

The set with correct order of acidity: 

(a) HCIO < HCIO, < HCIO, < HCIO, (b) HClO, < HClO, < HClO, < HClO 

(c) HClO < HClO, < HClO, < HCIO, (d) HCIO} < HClO, < HClO, < HCIO 

In which case, order of acidic strength is not correct? 

(a) HClO, > HClO, > HClO, (b) HI > HBr > HCl 

(c) HF > H.O > NH, (d) HIO, > HBrO, > HClO, 

Which of the statement given below is incorrect? 

(a) ONF is isoelectronic with OoN- (b) Os molecule is bent 

(c) OF, is an oxide of fluorine (d) ClO; is an anhydride of perchloric acid 

In the preparation of compounds of Xe, Bartlett had taken O; Pt F, as a base compound. This 
is because: [NCERT Exemplar] 
(a) both O, and Xe have same size. 

(b) both Os and Xe have same electron gain enthalpy. 


) 
(c) both O, and Xe have almost same ionisation enthalpy. 
(d) both Xe and O, are gases. 


Two types of F X F angles are present in which of the following molecule (X = S, Xe, C): 
(a) SFe (b) CF, (c) X eF, (d) SF, 

The structure of XeF, is 

(a) distorted octahedral (b) linear (c) square planar (d) tetrahedral 


In which of the following pairs, the two species are isostructural? 

(a) SF, and XeF, (b) BF, and NF; (c) BrO, and XeO;, (d) SO; and NO; 
Which of the following statement is not true for helium? 

(a) He is used in gas-cooked nuclear reactors. 

(b) He is used as cryogenic agent for carrying out experiments at low temperature. 


(c) He is used to fill gas balloons instead of hydrogen because it is lighter than hydrogen and non- 
inflammable. 


(d) He is used as a diluent for oxygen in modern diving apparatus. 


Oxygen is not evolved when ozone reacts with 

(a) KI (b) NO (c) SnCl, (d) PbS 
In the halogen family, the oxidising action increases in the order: 

(a) Fə < Cl, < Bro < I, (b) Cl, < I, < Bry < Fo 

(c) Ib < Fy < Clo < Bro (d) I, < Bro < Cls < Fo 

In upper layer of the atmosphere, ozone is formed by 

(a) Infrared rays action on Os (b) high pressure on Oo 

(c) action of electric discharge on Os (d) U.V. action on Oo 

At room temperature, HCI is a gas while HF is a liquid. This is because 

(a) H—F bond is covalent (b) H—F bond is ionic 

(c) H—F has metallic bond (d) H—F has hydrogen bond 
XeF, on complete hydrolysis given 

(a) Xe (b) XeOF, (c) XeO, (d) XeO, 
The correct order of electron affinity is 

(a) F > Cl > Br (b) F< CIl < Br (c) F > Cl < Br (d) F < Cl > Br 
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The product formed when SO, is passed through the solution of H,S is 


(a) HSO; is formed (b) sulphur precipitate is formed 

(c) HSO; is formed (d) HS0, is formed 

The noble gas not adsorbed by coconut charcoal is 

(a) He (b) Ne (c) Kr (d) Ar 

The halogen acid which is used for extracting glue from bones and purifying bone black is 
(a) HCI (b) HF (c) HBr (d) HI 

In deep sea, sea divers use a mixture of 

(a) Oo and Ar (b) Os and No (c) Os and Ho (d) O, and He 


Bleaching action of SO, is due to its 
(a) reducing property (b) oxidising property (c) basic property (d) acidic property 


The correct order of electron affinity of the given elements is 


(a) O > S > Se > Te > Po (6) S>O> Se > Te > Po 

(c) S > Se > Te> Po> O (d) Po > Te > Se > BO 
Which of the following is the strongest acid? 

(a) HF (b) HCI (c) HI (d) HBr 
Which of the following is the strongest reducing agent? 

(a) HF (p) Hl (c) HBr (d) HCI 
Tailing of Mercury is due to the formation of 

(a) Mercuric oxide (b) Mercurous oxide (c) Mercuric chloride (d) Mercurous hydroxide 
The product formed when hot NaOH reacts with Cl, is 

(a) NaClO (b) NaClO, (c) NaClO, (d) NaClO, 
Which of the compound is formed in the following reactions? 

Xe + F, Ni- vessel 

(1 : 20 vol) 

(a) XeF, (b) XeF, (c) XeF, (d) XeO, 
The substance which forms mild explosive on reaction with NH, is 

(a) Fo (b) Clo (c) Bro (d) Io 


Elements of group-15 form compounds in +5 oxidation state. However, bismuth forms only one 
well characterised compound in +5 oxidation state. The compound is 

(a) BibO; (b) BIF; (c) BiCl, (d) BiS; 

Sulphur dioxide acts as a 

(a) Reducing agent (b) Bleaching agent (c) Both (a) and (b) (d) none of these 

Among the following, the least basic is 

(a) NHs (b) AsH, (c) PH, (d) SbH, 

The reaction of ammonium sulphate with sodium hydroxide results in the formation of 

(a) ammonium hydroxide (b) ammonia 

(c) ammonium chloride (d) ammonium nitrate 


Among the following oxides, which one is anhydride of nitric acid? 


(a) No0; (b) NO, (c) N-O; (d) NoOq 
Which of the following compounds of nitrogen exhibit highest oxidation state? 
(a) NH3 (b) NHOH (c) NH (d) NH4 
Which of the following oxides is most acidic? 

(a) N20; (b) P20; (c) AS205 (d) SbyO5 
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In the preparation of HNO,, we get NO gas by catalytic oxidation of ammonia. The moles of NO 
produced by the oxidation of two moles of NH, will be 

(a) 2 (6) 3 (c) 4 (d) 6 

A one litre flask is full of bromine vapours. The intensity of brown colour of vapours will not 
decrease appreciably on adding to the flask some 


(a) pieces of marble (b) carbon tetrachloride 

(c) animal charcoal powder (d) carbon disulphide 

Which one of the following has O—O bond? 

(a) Sulphurous acid (b) Sulphuric acid 

(c) Peroxodisulphuric acid (d) Pyrosulphuric acid 

Which of the following halides is most acidic? 

(a) PCl, (b) SbCl, (c) BiCl, (d) CCl, 
The oxide which cannot be a reducing agent is 

(a) SO, (b) NO, (c) CO, (d) ClO, 
Which of the following does not have S—S bond? 

(a) SOF (b) S,05 (c) S0. (d) S, O% 
Which one of the following is used for drying ammonia? 

(a) conc. HoSO, (b) CaO (c) PoOs (d) anhydrous CaCl, 
The largest bond angle is in 

(a) AsH, (b) NH, (c) H,O (d) PH, 
Nitrogen dioxide cannot be obtained by heating 

(a) KNOs (b) Pb(NOs)o (c) Ca(NOs)o (d) AgNO; 
Amongst the trihalides of nitrogen, which one is least basic? 

(a) NF; (b) NCI, (c) NBr, (d) NI, 
Nitrogen is chemically less reactive because of its 

(a) small atomic energy (b) high dissociation energy 

(c) high electronegativity (d) high bond enthalpy 
Concentrated HNO, reacts with I, to give 

(a) HI (6) HOI (c) HIO; (d) HOIO,s 
Which one has the lowest boiling point? 

(a) NH, (b) PH, (c) AsH, (d) SbHs 


The electronic configuration of an element is 1s” 2s* 2p° 3s? 3p°. What is the atomic number of 
the element which is just below the above element? 


(a) 32 (b) 34 (c) 36 (d) 49 
Oxygen does not show — 2 oxidation state in the case of 
(a) OH, (b) CO, (c) OF, (d) OCI, 


BCl, is a planar molecule whereas NCI, is pyramidal because 
(a) N—CI bond is more covalent than B—Cl bond 

(b) B—Cl bond is more polar than N—CI bond 

(c) nitrogen atom is smaller than boron 

(d) BCl, has no lone pair but NCl; has a lone pair of electrons 


Which of the following molecules will form linear polymeric structure due to hydrogen 
bonding? 


(a) HCI (b) HF (c) HO (d) NHs 
The gases respectively absorbed by alkaline pyrogallol and oil of cinnamon is 
(a) Os, CH, (b) SO», CH, (c) Og, Og (d) NO, Os 
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Which of the following bonds has the highest energy? 


(a) Se—Se (b) Te—Te (c) S—S (d) O—O 
Which of the following is most powerful oxidising agent? 

(a) HSO, (b) HBO, (c) HPO, (d) HPO, 
Which of the following turns lead acetate paper black? 

(a) SOs (b) SO; (c) AoSO4 (d) HS 
Number of atoms in one molecule of sulphur is 

(a) 3 (b) 4 (c) 8 (d) infinite 
A gas that cannot be collected over water is 

(a) No (b) O; (c) SO, (d) PH; 
Elements of which one of the following groups will form anions most readily? 
(a) Oxygen group (b) Nitrogen group (c) Halogens (d) Alkali metals 


The thiosulphate ion is oxidised by iodine the product formed is 

(a) SOF (b) SOF (c) S40% (d) SO% 
Bleaching powder is formed by the interaction of Cl, and 

(a) a dilute solution of Ca(OH)» (b) a concentrated solution of Ca(OH)» 


(c) dry calcium oxide (d) dry slaked lime 

Chlorine acts as a bleaching agent only in the presence of 

(a) dry air (b) sunlight (c) moisture (d) pure oxygen 
The solubility of I, in water may be increased by the addition of 

(a) NaoSoOs (b) CHCl, (c) KI (d) CSo 

The shape of XeF, is 

(a) tetrahedral (b) octahedral (c) square planar (d) none of these 


Maximum number of compounds are known in the case of 
(a) Neon (b) Xenon (c) Krypton (d) Argon 
The source of most of the noble gases is 
(a) decay of radioactive minerals (b) the atmospheric air 
(c) natural gases coming out of the earth (d) the decay of rocks 
Which of the following fluorides does not exist? 
(a) HeF, (b) XeF, (c) CF, (d) SF, 
Hydrolysis of one mole of peroxydisulphuric acid produces 
(a) two moles of sulphuric acid 
(b) two moles of peroxomonosulphuric acid 
) 


(c) one mole of sulphuric acid and one mole of peroxomonosulphuric acid 


(d) one mole of sulphuric acid, one mole of peroxomonosulphuric acid and one mole of hydrogen 


peroxide. 
Among the given compounds, the interhalogen compound is 
(a) HClO, (b) HCl (c) CIF, (d) Cl, 
Which of the following element has highest electronegativity? 
(a) Br (b) Cl (c) F (d) I 
HCI gas can be dried by passing it through 
(a) dil. HNO5 (b) NaSO, (c) Conc. HoSO,3 (d) none of these 
Chlorine is used in 
(a) manufacture of nitrocellulose products (b) extracting glue from bones 
(c) extraction of gold and platinum (d) enrichment of U-235 
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Identify the correct order of decreasing acid strength in the following acids: 
CIOH(I) ; BrOH (IT) ; IOH (ITT) 
(a) 1>I11 > III b) I>I1> III (c) WI >>I (d 1 > Ill > Il 
Sulphuric acid is manufactured by process. 
(a) Contact process (b) Ostwald’s process (c) Haber’s process (d) Deacon’s process 
Rhombic sulphur is of __ colour. 
(a) yellowish white (b) black (c) white (d) yellow 
An oxide which is amphoteric in nature is 
(a) AlO; (b) NagO (c) NO (d) ClOz 
The number of S-S bonds in sulphur trioxide trimer(S,Oo) is 
(a) three (b) two (c) one (d) zero 
The correct order of acidity is 
(a) HClO, < HCIO < HClO, < HClO, (b) HClO, < HClO, < HClO, < HClO 
(c) HClO < HClO, < HClO, < HCIO, (d) HClO, < HClO, < HClO; < HCIO 


Polyphosphates are used as water softening agents because they 
(a) form soluble complexes with anionic species 


(b) precipitate anionic species 
(c) form soluble complexes with cationic species 


(d) precipitate cationic species 


Angular shape of ozone molecule contains 

(a) 1 sigma and 2 pi bonds (b) 2 sigma and 1 pi bond 

(c) 2 sigma and 2 pi bonds (d) 2 sigma bonds 

For H,PO, and H,PO, the correct choice is 

(a) HPO; is dibasic and reducing (b) HPO; is dibasic and non-reducing 
(c) HPO; is tribasic and reducing (d) HPO; is tribasic and reducing 


The most powerful oxidising agent is: 

(a) fluorine (b) chlorine (c) bromine (d) iodine 

XeF, is expected to be 

(a) oxidising (b) reducing (c) unreactive (d) Both (a) and (b) 
Sulphur dioxide gas does not act as 

(a) oxidising agent (b) reducing agent (c) dehydrating agent (d) bleaching agent 
Oxygen is used 

(a) in manufacture of fertilizers like ammonium phosphate, superphosphate, etc. 

(b) in petroleum refining 

(c) in storage batteries 


(d) oxyacetylene welding 


The correct increasing order of ionic radii is 
(a) Po<Se<Te<S<O (b) O < S < Se < Te < Po 
(c) S< O < Te < Se < Po (d) none of these 


Which of the following statements regarding ozone is incorrect? 
(a) It is used as a germicide, disinfectant and for sterilising water. 
(b) It is an allotropic form of oxygen 

(c) Itis a pale yellow gas having a strong characteristic smell. 


(d) It is prepared by subjecting pure and dry oxygen to silent electric discharge. 
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Which of the following statements is incorrect regarding anomalous behaviour of flourine? 
(a) Fluorine shows an oxidation state of -1 only. 

(b) The negative electron gain enthalpy of fluorine is less than that of chlorine. 

(c) Fluorine is the most electronegative element in the periodic table. 

(d) All the given statements are correct 


Which of the following halogen acid have highest bond dissociation enthalpy? 


(a) HI (b) HBr (c) HF (d) HCI 

The noble gas having lowest boiling point is 

(a) Helium (b) Neon (c) Argon (d) Krypton 

The hybridisation of Xe in XeF, is 

(a) sp°d° (b) sp? (c) sp°d° (d) dsp” 

The gas which is used for providing an inert atmosphere in arc welding of metals or alloys is 
(a) Argon (b) Helium (c) Krypton (d) Neon 

A gas ‘X’ is used in high efficiency miners helmet lamps. The gas ‘X’ is 

(a) Helium (b) Neon (c) Krypton (d) Radon 


A gas ‘Z’ is used in voltage regulators. It is also used in discharge tubes and fluorescent bulbs. 


Identify ‘Z’. 


(a) He (b) Ar (c) Ne (d) Rn 
In case of noble gases, the ionisation enthalpy___ down the group. 

(a) decreases (b) increases 

(c) first increases then decreases (d) first decreases then increases 


Helium gas is used for filling balloons for meteorological observations. This is because 


(a) It is an inflammable gas (b) Itis a non-inflammable gas 

(c) It is a light gas (d) Both (b) and (c) 

The helium which is used as a cryogenic agent is present in the form of 

(a) gas (b) liquid helium (c) pseudo-solid (d) supercooled liquid 
Helium is used as diluent for modern diving apparatus. This is because 

(a) It has very low solubility in blood (b) It has high solubility in blood 
(c) It is a light gas (d) Both (a) and (c) 

Among the following, the most reactive is 

(a) I, (b) ICI (c) Bro (d) Cl 
The reaction of bromine water with SO, forms 

(a) HSO} and HBr (b) Sand HO (c) HO and HBr (d) HBr and S 
The structure of SO, is 

(a) angular (b) tetrahedral (c) planar (d) linear 
The noble gas which shows radioactivity is 

(a) Radon (b) Krypton (c) Helium (d) Argon 
The atomicity of noble gas is 

(a) Three (b) Zero (c) One (d) Two 
The thermal stability of the hydrides of group 16 down the group. 

(a) increases (b) decreases 

(c) first increases then decreases (d) first decreases then increases 
XeF, is isostructural with 

(a) ICI; (b) SbCl, (c) BaCl, (d) TeFo 
In 1962,Neil Bartlett prepared a red coloured compound which is formulated as 
(a) OÈ PtF3 (b) OÈ PtFs (c) OF PtFs (d) PtF§ 
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Geometry of XeOF, molecule is: 

(a) square planar (b) square pyramidal 

(c) triangular pyramidal (d) octahedral 

Which of the following molecules does not possess permanent dipole moment? 

(a) HS (b) SO» (c) SOs (d) CS» 

Nitrogen can be purified from the impurities of oxides of nitrogen and ammonia by passing 


through 
(a) a solution of K Cr O, acidified with HSO; (b) concentrated HCl 


(c) alkaline solution of pyrogalol (d) a solution of KOH 
120. The basic character of the hydrides of V group(group 15) elements decreases in the order 
(a) NH, > PH, > AsH, > SbH, (b) SbH, > AsH, > PH, > NH, 
(c) NH, > SbH, > PH, > AsH, (d) SoH, > PH, > AsH; > NH, 
Answers 
1. (d) 2. (d) 3. (d) 4. (c) 5. (a) 6. (c) T. (b) 8. (d) 
9. (c) 10. (c) 11. (b) 12. (b) 13. (a) 14. (d) 15. (c) 16. (c) 
17. (d) 18. (a) 19. (c) 20. (c) 21. (c) 22. (d) 23. (d) 24. (d) 
25. (d) 26. (d) 27. (b) 28. (a) 29. (a) 30. (d) 31. (a) 32. (c) 
33. (c) 34. (b) 35. (b) 36. (b) 37. (c) 38. (d) 39. (b) 40. (c) 
41. (d) 42. (b) 43. (c) 44. (c) 45. (a) 46. (a) 47. (a) 48. (c) 
49. (a) 50. (c) 51. (d) 52. (b) 53. (b) 54. (a) 55. (a) 56. (d) 
57. (c) 58. (b) 59. (a) 60. (c) 61. (d) 62. (b) 63. (c) 64. (c) 
65. (a) 66. (d) 67. (c) 68. (c) 69. (c) 70. (c) 71. (d) 72. (c) 
73. (c) TA. (c) 75. (b) 76. (b) 77. (a) 78. (c) 79. (c) 80. (c) 
81. (c) 82. (c) 83. (a) 84. (a) 85. (d) 86. (a) 87. (d) 88. (c) 
89. (c) 90. (b) 91. (a) 92. (a) 93. (d) 94. (c) 95. (d) 96. (b) 
97. (c) 98. (d) 99. (c) 100. (a) 101. (c) 102. (a) 103. (c) 104. (c) 
105. (a) 106. (d) 107. (b) 108. (a) 109. (b) 110. (a) 111. (a) 112. (a) 
113. (c) 114. (b) 115. (a) 116. (b) 117. (b) 118. (d) 119. (a) 120. (a) 
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Read the given passage and answer the questions that follow. [CBSE Question Bank| 
In spite of the predictions of stable noble gas compounds since at least 1902, unsuccessful attempts 
at their synthesis gave rise to the widely held opinion that noble gases are not only noble but also 
inert. It was not until 1962 that this dogma was shattered when Bartlett in Canada published the 
first stable noble gas compound XePtF. This discovery triggered a worldwide frenzy in this area, 
and within a short time span many new xenon, radon, and krypton compounds were prepared 
and characterized. The recent discoveries show the ability of xenon to act as a ligand. The discovery 
by Seppelt’s group that more than one xenon atom can attach itself to a metal center which in 
the case of gold leads to surprisingly stable Au-Xe bonds. The bonding in [AuXe,]~ involves 
4 Xe ligands attached by relatively strong bonds to a single Au(II) center in a square planar 
arrangement with a Xe-Au bond length of about 274 pm. This discovery provides not only the 
first example of multiple xenon ligands but also represents the first strong metal-xenon bond. 


(Source: Christe, K.O. (2001). A renaissance in noble gas chemistry. 
Angewandte Chemie International Edition, 40(8), 1419-1421.) 
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The following questions are multiple choice questions. Choose the most appropriate answer: 


i) In the complex ion [AuXe,]**, Xe acts as: 
p 4 


a) central atom b) ligand c) chelating agent (d) electrophile 
8 8 a8 p 
(ii) Hybridisation shown by Au in [AuXe,]°* iS: 
(a) sp” (b) sp°d (c) sp°d” (d) sp” 
iii) Compounds of noble gases except are known. 
p 5 P aaa 
(a) Krypton (b) Radon (c) Helium (d) Xenon 
(iv) Xe isa ligand. 
(a) ambidentate (b) bidentate (c) unidentate (d) hexadentate 
Answers 
(2) (b) (22) (b) (222) (c) (w) (c) 
2. Read the passage given below and answer the following questions: [CBSE Question Bank] 


In the last 10 years much has been learned about the molecular structure of elemental sulfur. 
It is now known that many different types of rings are sufficiently metastable to exist at room 
temperature for several days. It is known that at high temperature, the equilibrium composition 
allows for a variety of rings and chains to exist in comparable concentration, and it is known that 
at the boiling point and above, the vapour as well as the liquid contains small species with three, 
four, and five atoms. 


The sulfur atom has the same number of valence electrons as oxygen. Thus, sulfur atoms S, and 
S have physical and chemical properties analogous to those of oxygen and ozone. S, has a ground 
state of 38 63s" 0°35" osp- n3p = 3p; T 3p. 4 1 3p). Ss, thiozone has a well known uv spectrum, 
and has a bent structure, analogous to its isovalent molecules Os, SOs, and S,O. The chemistry 
of the two elements, sulphur and oxygen, differs because sulfur has a pronounced tendency for 
catenation. The most frequently quoted explanation is based on the electron structure of the 
atom. Sulfur has low-lying unoccupied 3d orbitals, and it is widely believed that the 4s and 3d 
orbitals of sulfur participate in bonding in a manner similar to the participation of 2s and 2p 
orbitals in carbon. 


(Source: Meyer, B (1976). Elemental sulfur. Chemical Reviews, 76(3), 367-388. 
dow: 10.1021/cr60301a003) 


In these questions (Q. No (i) to (iv)), a statement of assertion followed by a statement of 
reason 1s given. Choose the correct answer out of the following choices. 


(a) Assertion and reason both are correct statements and reason 1s correct explanation for assertion. 


(b) Assertion and reason both are correct statements but reason is not correct explanation for 
assertion. 


(c) Assertion is correct statement but reason is wrong statement. 
(d) Assertion is wrong statement but reason is correct statement. 
(i) Assertion (A): Sulphur belongs to same period in the periodic table as oxygen. 
Reason (R): S, has properties analogous to Ob. 
(ii) Assertion (A): Thiozone has bent structure like ozone. 
Reason (R): Ozone has a lone pair which makes the molecule bent. 
(iii) Assertion (A): S, is paramagnetic in nature. 
Reason (R): The electrons in 1*3p, and 1*3p, orbitals in Sy are unpaired. 
(iv) Assertion (A): Sulphur has a greater tendency for catenation than oxygen. 


Reason (R): 3d and 4s orbitals of sulphur have same energy. 


Answers 


(0) (d) (2) (b) (wz) (a) (tv) (c) 
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3. Read the passage given below and answer the following questions: [CBSE Question Bank| 
The noble gases have closed shell electronic configuration and are monoatomic gases under 
normal conditions. The low boiling points of the lighter noble gases are due to weak dispersion 
forces between the atoms and the absence of other interatomic interactions. The chemical 
reactivity of noble gases involves the loss of electrons and hence it can form compounds with highly 
electronegative elements like F and O. Although Xe forms several fluorides, xenon tetrafluoride 
is most important among the fluorides. The various compounds of xenon involve xenon in first, 
second and third excited states. The direct reaction of xenon with fluorine leads to a series of 
compounds with oxidation numbers +2, +4 and +6. 


In these questions (Q. No (i) to (iv)), a statement of assertion followed by a statement of 
reason is given. Choose the correct answer out of the following choices. 


(a) Assertion and reason both are correct statements and reason 1s correct explanation for assertion. 


(b) Assertion and reason both are correct statements but reason is not correct explanation for 
assertion. 


(c) Assertion is correct statement but reason is wrong statement. 
(d) Assertion is wrong statement but reason is correct statement. 
(i) Assertion (A): Hydrolysis of XeF, is an example of a redox reaction. 
Reason (R): XeF, when partially hydrolysed yields XeOF, and XeOoFo. 
(ii) Assertion (A): Neil Bartlett did experiment with Xe to prepare compound identical with 
Os Pie. 
Reason (R): The first ionisation enthalpy of molecular oxygen is almost same as that of 
xenon. 
(iii) Assertion (A): Noble gases have large negative values of electron gain enthalpy. 
Reason (R): Noble gases have stable electronic configuration. 
OR 
Assertion (A): Xe does not form fluorides, XeF, and XeF;. 
Reason (R): Xe have least ionisation enthalpy among the noble gases except radon. 
(iv) Assertion (A): XeF, has a distorted octahedral structure. 


Reason (R): XeFş has seven electron pairs (6 bond pairs and one lone pair). 


Answers 
(i) (d) (ii) (a) (iii) (d) OR (b) (tv) (a) 


ASSERTION-REASON QUESTIONS 





In the following questions, a statement of assertion followed by a statement of reason is given. 
Choose the correct answer out of the following choices. 


(a) Assertion and reason both are correct statements and reason is correct explanation for assertion. 
(b) Assertion and reason both are correct statements but reason is not correct explanation for assertion. 
(c) Assertion is correct statement but reason is wrong statement. 


(d) Assertion is wrong statement but reason is correct statement. 


1. Assertion (A) : Nitrogen does not form compounds in +5 oxidation state with halogens. 


Reason (R) : All oxidation states of nitrogen from +1 to +4 tend to disproportionate in acid 
solution. 


2. Assertion (A) : The O—O bond length in ozone is identical with that in molecular oxygen. 


Reason (R) : The ozone molecule is a resonance hybrid of two canonical structures. 
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3. Assertion (A) 
Reason (R) 
4. Assertion (A) 
Reason (R) 
5. Assertion (A) 
Reason (R) 
6. Assertion (A) 
Reason (R) 
7. Assertion (A) 
Reason (R) 
8. Assertion (A) 
Reason (R) 
9. Assertion (A) 
Reason (R) 
10. Assertion (A) 
Reason (R) 
11. Assertion (A) 
Reason (R) 
12. Assertion (A) 
Reason (R) 
13. Assertion (A) 
Reason (R) 
14. Assertion (A) 
Reason (R) 
15. Assertion (A) 
Reason R) 
Answers 
1. (b) 2. (d) 
9. (a) 10. (b) 


: Both rhombic and monoclinic sulphur exist as Sg but oxygen exists as Oo. 


: Oxygen forms pr — px multiple bond due to small size and small bond length but 


pr — px bonding is not possible in sulphur. 


: The transition temperature of sulphur is 369 K. 


: At 369 K, both a-sulphur and f-sulphur are stable. Below 369 K, only a-sulphur 


is stable whereas above 369 K, only B-sulphur is stable. 


: SO, has a planar structure. 

: S atom in SOs is sp>-hybridized and O-S-O bond angle is 1202. 

: SF, cannot be hydrolysed but SF, can be. 

: Six F atoms in SF, prevent the attack of HO on sulphur atom of SFs. 


: NaCl reacts with concentrated H SO, to give colourless fumes with pungent 


smell. But on adding MnO, the fumes become greenish yellow. 


: MnO, oxidises HCl to chlorine gas which is greenish yellow. 
: Salts of ClO; and ClO, are well known but those of FO, and FO, are non- 


existent. 


: F is more electronegative than O while Cl is less electronegative than O. 
: HCIO is stronger acid than HBrO. 


: Greater is the electronegativity of the halogen, greater will be attraction of electron 


pair towards it and hence more easily the H* ion will be released. 


: HI cannot be prepared by the action of conc. HSO, on KI. 
: HI is more volatile than H5SO4. 


: Hydrolysis of XeF, is an example of a redox reaction. 


: XeF, when hydrolysed yields XeOF, and XeO,Fs. 
: F-F bond in F» molecule is weak. [CBSE 2020 (56/1/1)| 
: F atom is small in size. 
: F, is a strong oxidising agent. [CBSE 2020 (56/4/1)| 
: Electron gain enthalpy of fluorine is less negative. 
: F> has low reactivity. [CBSE 2020 (56/4/3)| 
: F-F bond has low Apong H°. 
: F, has lower bond dissociation enthalpy than Cla. [CBSE 2020 (56/4/2)| 
: Fluorine is more electronegative than chlorine. 
3. (a) 4. (a) 5. (a) 6. (a) 7. (a) 8. (a) 
11. (d) 12. (a) 13. (b) 14. (d) 15. (b) 


HINTS/SOLUTIONS OF SELECTED MCQS 


3. 


21. 


(d) Halogens have very high electron affinity. It may be rated that the electrons affinity of fluorine 


is unexpectedly low (<Cl). This may perhaps be due to small size of F atom. The value of 
electron gain enthalpies for Cl, F, S and O are respectively 349, 333, 200 and 142kJ/mol, 
hence correct order is C1I>F>S>O. 


NO + O; ——> NOs + Oo 


PbS + 40, —— PbSO, + 40s 
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23. 


24. 


25. 


26. 


ai. 


28. 


30. 


31. 


32. 


33. 


Sa 


36. 
37: 


68 


(d) 


(b) 


On reaction of ozone with SnCl,, oxygen is not evolved. 
3SnCl, + O, + 6 HCl > 3 SnCl, + 3H,O 


The reactivity of halogen decreases down the group. Fluorine is the strongest oxidising 
halogen. The decreasing oxidising ability of the halogens in aqueous solution down the group 
is evident from their standard electrode potentials. 


E F/F- = 2.87 V, EC/cr = 1.36 V, E Bro/Br- =1.09 V, Er = 0.54 V 
Thus, the oxidising ability of halogen increases as I, < Bro < Clo < Fo. 


In the upper layer of atmosphere, ozone is formed by the action of U.V rays on the oxygen 
molecule. It splits up the oxygen molecule into 2 atomic oxygen molecule. These molecules 
further combined with another oxygen molecule to form ozone. 


Due to extensive hydrogen bonding present in HF molecule, it is a iquid while HCl is a gas 
at room temperature. 


Complete hydrolysis of XeF, 

Xek, + 3H»O —— XeO; + 6HF 
Partial hydrolysis of XeF, 

Xek, + HO ——~ XeOF, + 2HF 





Xek, + 2H»O XeOok + 4HF 

Electron affinity of the elements of the group becomes less negative down the group. However, 
the negative electron affinity of fluorine is less than that of chlorine. It is due to small size of 
fluorine atom. As a result, there are strong interelectronic repulsions in the relatively small 
orbitals of fluorine and thus, the incoming electron does not experience much attraction. 
2HəS + SO, > 2H,O + 3S 


Sulphur precipitate is formed, when SO, is passed through the solution of H.S. 


(a) As we know, more easily liquefiable gases are adsorbed to a greater extent, and due to increase 


in atomic size, the magnitude of their van der Waals forces of attraction increases and hence 
ease of liquefaction increases as we move down the group from He to Xe. 


(d) A mixture of oxygen and helium is used for artificial respiration in deep sea diving. Helium is 


(a) 


used as a diluent for oxygen in modern diving apparatus because of its very low solubility in 


blood. 


SO, bleaches coloured material by reduction and hence bleaching is temporary since when 
the bleached colouress material is exposed to air, it gets oxidised and the colour is restored. 


SO» T HO = Hə SO4 + 2H 


x ; arial À ; 
Colourless material ——————~— Coloured material 
oxidation 





Colourled material + H 


The electron affinity decreases down the group. But, due to small size of the oxygen atom, 
the electron-electron repulsion in the relatively small 26-subshell are comparatively large and 
therefore it has less electron affinity. Thus, the correct order is 


S > Se > le> Po > O 

HI is the strongest acid. This is because bond dissociation enthalpies are in the order 

HF > HCl > HBr > HI. 

The tailing of mercury is the reaction of mercury with ozone due to which mercury loses its 
meniscus and sticks to the walls of the glass due to the formation of the mercurous oxide. 
6NaOH + 3Cl, — 5NaCl + NaClO; + 3H,O 


Xe(g) + 3Ex(g) — Xek(s) 
(1:20 vol) 
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38. 
39. 
40. 


41. 


42. 


43. 


44. 
45. 


46. 


47. 


48. 


49. 


50. 


51. 
52. 
53. 


54. 


55. 


(d) 31, + 2NH, > NI,.NH,(Explosive) + 3HI 
(b) F» being the strongest oxidising agent, oxidises Bi to its highest oxidation-state of +5 in Bif;. 


(c) In the presence of moisture, SO, liberates nascent hydrogen and thus acts as reducing agent. 
It also acts as a bleaching agent and helps in bleaching wool and silk. 


(d) Basic character decreases down the group because as atomic size increases, electron density 
decreases on central atom E, z.e., the order is NH, > PH, > AsH, > SbH, > BiHs. 


(b) (NH4)9SO, + 2NaOH —— 2NH, + 2H.O + NaSO, 


(c) Dinitrogen pentaoxide (N.O;) is the anhydride of nitric acid (HNQOs). 


© os 
O ee or’ O wey o 
N A™ N ) 194° 
Pi 112° 
O Planar O 


(c) The oxidation state of nitrogen in NH is -1/3. 


a) Acidic character decreases down the group. NoO,; is the strongest acidic oxide while BioO; is 
8roup. INoUs 8 9U5 
the weakest. 


(a) 4NH3 + 50. ——~ 4NO + 6H,O 
or 2NH; + Žo, —4. 2NO + 3H,O 

(a) As marble does not react with Bro and therefore the intensity of brown colour of vapours will 
not decrease appreciably on adding to the flask some pieces of marble.Brs is soluble in CCl, 


and CS». 


O O 
(c) | | 
S 
o i` 9—0 | NG 
OH HO 


Peroxodisulphuric acid 


(H9S90g) 


(a) PCl; is most acidic among SbCl, and BiCl, because phosphorus is most electronegative.CCl, 
has no d orbitals present in it and thus it is not a lewis acid. 


(c) The maximum oxidation state of carbon is +4 and therefore it cannot acts as a reducing 
agent. 


(d) Ss q have S—O—S bond and not S—S bond. 
(b) Since, ammonia is basic in nature, therefore it can be dried by basic agent like CaO. 
(b) NH; has largest bond angle. This is because: 
(1) As we move down the group, the bond angles gradually decrease due to a decrease in bond 
pair-bond pair repulsion. 
(72) HO has 2 lone pair of electrons while NH, has one lone pair of electrons. Therefore, HO 
has more repulsions as compared to NHs. 
(a) Except KNO,, all other gives nitrogen dioxide on heating. 
4KNOs; > 2KO + 2No + 505 


(a) Fluorine being strongly electronegative, it draws the electron density towards itself which 
makes it difficult for nitrogen atom to donate its lone pair of electrons. Therefore, NF; is the 
least basic. 
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57: 
58. 


59. 


60. 
61. 
62. 
63. 


64. 


65. 
66. 


67. 
68. 
69. 


70. 
71. 
72. 


73. 


74. 


70 


The increasing order of basic strength is as follow: 
NF, < NCI, < NBr, < NI, 

(d) No has very little reactivity at ordinary temperature. The chemical inertness of dinitrogen is 
attributed to high bond enthalpy of N = N bond(946 kcal/mol). 

(c) Ib + I10OHNO;, ——> 2HIO; + LONOs + 4HO 

(b) The boiling point of hydrides of Group 15 elements follow the order 
PH, < AsH < NHs < SbH,s < BiHs 
The high boiling point of NH, is due to intermolecular H-bonding. Further. as we move from 
PH, to BiH,, the boiling points increases regularly, due to increase in molecular masses. 


(a) The given element with electronic configuration 1s° 2s* 2p° 3s? 3p° is silicon having atomic 
number 14. Therefore, the element just below this will be Germanium having atomic number 
32 and electronic configuration [Ar] 3d'°4s*49°. 


(c) In case of OF,, the oxidation state of oxygen is +2. 


(d) BCl, is a planar molecule whereas NCl; is pyramidal because the former has no lone pair but 
the latter has a lone pair of electrons. 


(b) HF forms a linear polymeric structure due to hydrogen bonding. 


(c) Oy gas is absorbed by alkaline pyragallol and Os, gas is absorbed by oil of cinnamon. Oil of 
cinnamon is unsaturated compound, so it can easily reacts with O, while pyragallol is 1, 2, 
3-trihydroxybenzene which gets oxidised in presence of Os. 


(c) As we move down the group from S to Se and Te, the bond energy decreases. Out of S—S 
and O—O, the former has highest energy as it has tendency to form strong covalent bond as 
compared to oxygen. Also due to small size, the lone pairs of electrons on oxygen atoms repel 
the bond pair of the O—O bond to a greater extent than the lone pairs of electrons on the 
sulphur atoms in S—S bond. 


(a) Among the given compounds, H.SO, is the most powerful oxidising agent. 


(d) Hydrogen sulphide turns the colour of lead acetate paper black. This can be shown by the 
following reaction 


Pb(CH COO) + HoS — PbS (black) | + 2CH3; COOH 
(c) Sulphur(Sg) molecules have 8 atoms in it. This is because of its high catenation property. 
(c) Sulphur dioxide is colourless gas with pungent smell and is highly soluble in water. 


(c) Halogens will form anions most readily because they need only one electron to acquire the 
nearest noble gas configuration. 


(c) 28903, + Ip —— SOF + 2I- 
(d) Bleaching powder is obtained by the interaction of Cl, with a dry slaked lime. 
(c) Dry Cl, does not act as a bleaching agent. But in the presence of moisture or in aqueous 


solution, Cl, acts as a powerful bleaching agent and bleaches vegetable or organic matter. 


Clo + HO —— 2HCI + [O] 


(Nascent oxygen) 





Coloured substance + [O] Colourless substance 


(c) Iodine is readily soluble in sodium or potassium iodide because of the formation of triiodide. 
Therefore, the solubility of I, in water may be increased by the addition of KI. 


(c) XeF, having spd" hybridisation has square planar shape. 


Square planar 
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Ti: 


18. 


19. 


80. 


83. 


84. 


86. 


87. 


88. 


89. 


90. 


92. 
93. 


(b) Xenon forms maximum number of compounds because, Xe has the lowest ionization enthalpy 
among noble gases and hence can be easily oxidised by strong oxidising agents like Os and Fo. 


(a) Since He does not have vacant d-orbitals and also has high ionisation enthalpy. Therefore 
HeF, does not exist. 


(c) Hydrolysis of one mole of peroxydisulphuric acid produces one mole of sulphuric acid and 
one mole of peroxomonosulphuric acid. The reaction is as follow: 
HSO; + HO > HSO, + HSO; 

(c) Interhalogen compounds can be assigned general composition as XX’, XXX’;, XX’5, and XX’; 
where X is halogen of larger size and X’ of smaller size and X is more electropositive than X’. 


(c) Down the group electronegativity decreases. Thus, fluorine is the most electronegative 
element in the periodic table. 


(a) Due to decrease in electronegativity, the correct order is 
CIOH(I) > BrOH (II) > ITOH (IIT) 
(a) Sulphuric acid is manufactured by the Contact process which involves the following equations: 
S(s) + Ox(g) > SOx(g) 
25048) + O(g) > 2505(g) 
SO3(g¢) + HSO) > HoS.O7(/)(Oleum) 
Oleum is diluted with water to get H.SO, of desired concentration. 
H.S,O,(l/) + H,O() > 2H.SO,(/) 
(a) Amphoteric oxides are those which show both acidic as well as basic character. AlO is an 
example of this type of oxide. 
(d) In S,O,; there is three S—O—S bonds; 6 S=O bonds and no S—S bond. 


Os, 0 
oe oO 


Structure of S309 


(c) Acidic strength of oxo-acids containing the same halogen are in the order: 
HClO < HCIO, < HClO, < HClO, 


This is because in solution, CIO® is the most stable due to dispersal of —ve charge on four 
O-atoms. 


(c) Polyphosphates are used as water softening agents because they form soluble complexes with 
cationic species. 


(b) Angular shape of ozone molecule contains 2 sigma and 1 pi bond. 


O O — Ox, 
L\~C4\ |E 45% 
Or 20% QO Q: O O 
Resonance hybrid 
Structure of ozone 


(a) Fluorine is the strongest oxidising halogen because of very low bond dissociation enthalpy. 


(d) XeF, is expected to be oxidising as well as reducing in nature. This can be shown by the 
following reaction: 


6XeF, + 12H,O > 2XeO, + 4Xe + 30, + 24HF 
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(c) SO, gas can acts as an oxidising agent, reducing agent and bleaching agent but not as a 
dehydrating agent as it does not absorb water molecules from other substances. 


(d) Oxygen is used in oxyacetylene welding while the other given uses are of sulphuric acid. 


(b) Down the group, the atomic radii increases mainly due to addition of a new shell. Therefore, 
the correct order is O < S < Se < Te < Po 


(c) Ozone is a pale blue gas having a strong characteristic smell. 
(c) The bond dissociation enthalpies are in the order: 


HF > HCl > HBr > HI. As bond strength or bond dissociation energies are inversely 
proportional to the bond length, z.e., shorter the bond-length, higher is the bond strength. 
Therefore, HF has highest bond dissociation enthalpy. 


(a) Helium has the lowest boiling point(4.2 K) of any known substance due to weak van der 
Waal’s forces of attraction. 


(c) The hybridisation of Xe in XeF, is sp°d” and the shape is distorted octahedral. 
(a) Krypton is used in high efficiency miners helmet lamps. 


(c) Neon gas is used in voltage regulators and indicators. It is also used in discharge tubes and 
fluorescent bulbs for the display of advertisement. 


(a) Down the group, the ionisation enthalpy decreases due to increase in atomic size and shielding 
effect of inner electrons. 


(d) Helium gas is used for filling balloons for meteorological observations because it is a non- 
inflammable and a light gas. 


(b) Liquid helium is used as a cryogenic agent for carrying out experiments at low temperatures. 


(a) Helium is used as diluent for modern diving apparatus because it has very low solubility in 
blood. 

(b) Interhalogen compounds are more reactive than halogen because the X—X’ bond between 
two disimilar electronegative elements is weaker than the bond and therefore, ICI is most 
reactive. 


(a) The reaction of bromine water with SO, forms sulphuric acid and hydrogen bromide. 
Bro + 2H»O F SOs — Ho SO, + 2HBr 

(a) The structure of SO, is angular. 

A 


se. >, ES. 
0. “0: ‘0. o 


tN 


(a) Radon is radioactive. It is obtained as a decay product of radium(Ra-226). 


(c) The atomicity of noble gas is one due to the stable outer electronic configuration (ns* np°) of 
their atoms. 


(b) Thermal stability decreases down the group because as the size of the atom increases the bond 
dissociation enthalpy decreases. 

(a) ICI, has spřd hybridisation with linear structure as of XeF, containing 2 lone pairs and 
2 bond pairs. 

(b) In 1962, Bartlett studied the following reaction: 


Oo + Ptk; —— O3 [PtF;] 
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119. 


120. 


(b) 


(d) 


(a) 


XeOF,(sp°d") has square pyramidal geometry. The structure is as follow: 


XeOF, (sp 3d?) 
Square pyramidal 
CS, does not possess dipole moment as it is a linear molecule and hence it does not have 
permanent dipole moment. 


In the laboratory, nitrogen is prepared by heating an aqueous solution of ammonium 
chloride with sodium nitrite. The products obtained from this reaction consists of impurities 
such as NO and HNO, which can be removed by the thermal decomposition of ammonium 
dichromate. Another method to remove the impurities is to pass the gaseous mixture through 
sulphuric acid containing potassium dichromate. 


Basic character decreases down the group because as atomic size increases, electron density 
decreases on central atom, 7.e., the order is NH, > PH; > AsHs > SbHs; > BiHs. 
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HALOALKANES () 4 





AND HALOARENES 


BASIC CONCEPTS 


1. Haloalkanes or alkyl halides are the compounds which have the general formula RX, where R is an alkyl 
or substituted alkyl group and X is a halogen (F, Cl, Br, I). Likewise, haloarenes or aryl halides are the 


compounds containing halogens attached directly to an aromatic ring. They have the general formula ArX 
(where Ar is phenyl, or substituted phenyl). 


R—X Ar—X 

An alkyl halide An aryl halide 

(Haloalkane) (Haloarene) 

R = Alkyl or substituted alkyl Ar = Phenyl or substituted phenyl 
X = F, Cl, Br, I X = KCl, Br, I 


Classification: 


(a) Classification based on the number of halogen atoms: These may be classified as mono, di, or 


polyhalogen compounds depending on whether they contain one, two or more halogen atoms in their 
structures. For example, 


CH,X 
CH, X | 
CoH3X | CHX 
CH,X | 
CH, X 
Monohaloalkane Dihaloalkane Trihaloalkane 
X X 
Ò Ch Q 
X 
Monohaloarene Dihaloarene Trihaloarene 


Dihalogen compounds may be further classified as discussed below: 


e Gem-dihalides: The two halogen atoms are attached to the same carbon atom in gem-dihalides. 
For example, 


itl il 
te 7 —H a C—Cl 
H Cl H H Cl 
Isopropylidene chloride Ethylidene chloride 
(2,2 - Dichloropropane) (1, 1 - Dichloroethane) 


e  Vic-dihalides: In these compounds, the two halogen atoms are attached to adjacent carbon atoms. 
For example, 


CI 
CI—CH, —CH,—Cl CH,;—CH—CH, —Cl 
Ethylene dichloride Propylene dichloride 
(1, 2- Dichloroethane) (1, 2- Dichloropropane) 
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(b) Classification based on hybridisation of carbon atom: 
(i) Halogen compounds in which halogen is bonded to sp? hybridised carbon. This class includes: 
(a) Haloalkanes or alkyl halides: They are the halogen compounds of saturated hydrocarbon. 
Their general formula is C,H,,,,,X. They are further classified as primary haloalkane, secondary 
haloalkane or tertiary haloalkane according to whether the halogen atom is bonded to primary, 
secondary or tertiary carbon atom. 


H R? R? 
R—C=X R= Cx R= CX 

H H R? 
Primary haloalkane Secondary haloalkane Tertiary haloalkane 


If in R—X, R is an alicyclic, i.e., cyclic aliphatic hydrocarbons such as cyclopropane, 
cyclobutane, cyclopentane, etc., they are known as halocycloalkane or cycloalkylhalide. For 


example, 
X 
CH 
Dax a Al qh 
H,C H,C—CH, H,C — CH, 
Halocyclopropane Halocyclobutane Halocyclopentane 


(b) Allylic halides: In these compounds, halogen is bonded to allylic carbon, i.e., to the sp 
hybridised carbon atom next to a carbon—carbon double bond. Examples are: 


X 
CH,=CH—CH,—X 
Allyl halide 
(3-Halo-1-propene) 3-Halocyclohex-1-ene 


(c) Benzylic halides: In these halides, the halogen atom is bonded to an sp? hybridised carbon 
atom next to an aromatic ring, i.e., to a benzylic carbon. For example, 


X R 
C—X 
cox CO CY 
R 
Benzyl halide 1-Halo-1, 2, 3, 4 Dialkylbenzylhalide 
tetrahydro naphthalene 
Benzylic halides may be primary, secondary or tertiary. 


(ii) Halogen compounds in which halogen is bonded to sp” or sp hybridised carbon. 


(a) Vinylic halides: In these halides, halogen is bonded to one of the carbon atoms of a vinylic 
carbon, i.e., carbon-carbon double bond which is sp? hybridised. The examples are : 


X 
CH,—CH—X or 


Vinyl halide 1-Halocyclohex-1-ene 
(b) Aryl halides: In these halides, the halogen atom is directly bonded to carbon atom of aromatic 
ring. These are called haloarene or aryl halides, e.g., halobenzene. 


On 


Halobenzene 
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2. Chemical Properties of Haloalkanes 
The chemical reactions of haloalkanes can be divided into following types: 
(a) Nucleophilic substitution reactions 
(b) Dehydrohalogenation or B-elimination reactions 
(c) Reaction with metals 


(a) Nucleophilic substitution reactions: When an atom or group of atoms 1s replaced by a nucleophile, the 
reaction is called nucleophilic substitution reaction. 


In haloalkanes, the halogen atom is attached to the carbon atom. As the halogen atom is more 


electronegative than carbon, the bond between carbon and halogen is polar in character. 
s Êt ò- 
>C — X 


Due to the presence of partial positive charge on the carbon atom, the nucleophiles can attack on electron 
deficient carbon thereby resulting in the displacement of weaker nucleophile, the halide ion. 


+ & = S 
>C—X Z ——»  >C-Z :X 
Substrate Nucleophile Product Leaving group 


Nucleophilic Substitution of Alkyl halides (R—X) 
+ RONG)  R—OH + KX 


Alcohol 
NaOR’ 
ps 
: R—O—R’ + Nax 
Ether 
+ KCN(alc) R—CN + KX 
Alkyl 
cyanide 
raat’ R—NG + Agx 
Alkyl isocyanide 
+ 
R—X So, R- 0 NO + KX 
Alkyl halide Alkyl nitrite 
AACA TDR — NO, + AgX 
Nitroalkane 
O 


il i 
mew OAS RC OR’ + ApX 


Ester 


R—H 
Alkane 


+ LiAIH, 


aalik R—NH, + H—X 


= R—SH + NaX 


Thioalcohol 


+ — 
+NaC=CH_ R—C=CH + NaX 


Higher 
alkyne 


(b) Elimination reactions: When haloalkane with B-hydrogen atom is heated with ethanolic potassium 
hydroxide, there is elimination of hydrogen atom from B-carbon atom and a halogen atom from a-carbon 
atom. As a result, an alkene is formed. Since B-hydrogen atom is involved in elimination, it is often 
called B-elimination reaction. 


CH,—CH,—Cl + KOH(alc.) —— CH, = CH, + KCI + H,O 
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Tea H 
Po ce A Nee 7B - 
H—C—C—_H _ A. C=C + H,O + CI 
(> | H< NH : 
H H 


Pp a B alc. KOH SE 
CH;—CH—CH—ÇH; aS ë CH,—CH=CH—CH, + CH;—CH,—CH=CH, 


à But-2-ene But-l-ene 
H Br H (81%) major (19%) minor 
(c) Reaction with metals 
(i) Reaction with magnesium 
Dry eth 
R—X +Mg —— RMgX 
Alkyl halide Alkyl magnesium halide 
(Grignard reagent) 


Dry ether 
te 


CH; —CH,—Br + Mg CH3 —CH, —MegBr 


Alkyl magnesium bromide 


(ii) Reaction with sodium (Wurtz reaction) 


R—|X + 2Na + XLR — =e . R—R + 2NaX 
Alkane 
Dry ether 
CH;—CH,—|Cl + 2Na + Cl —CH,—CH, na w CH3 —CH,—CH—CH; + 2NaCl 


Ethyl chloride n-Butane 


3. Preparation of Haloarenes 
(a) By direct halogenation of benzene 


© to oo or + HX (X =Cl, Br) 
dark 
+1, —HOo@s l + H 
2 or HNO; 


Iodobenzene 
(b) From diazonium salts 
+ = 
NH, N=NCI 
NaNO, = Hcl 
ee 
273-278 K 
Benzene 


diazonium chloride 


Cu,ClL/HCl 
Opa, 
Cu,Br,/HBr 
(Oar + w 
+KI 
a o, (ON ay Kel yy 
“—_— (O)-F + BF; + NaCl + N, 


4. Physical Properties of Haloarenes 


Sandmeyer’s 
reactions 





— = 
(O)-NENCI 


Benzene 
diazonium chloride 





(a) Melting and boiling points: Boiling point of isomeric dihalobenzenes are very nearly same. However 
p-isomer have higher melting point as compared to their ortho and meta-isomers. It is due to symmetry 
of para-isomers that fits in crystal lattice better as compared to ortho and meta isomers. 
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(b) Nature of C—X bond: The C—X bond is polar as ‘X’ is more electronegative than carbon. The carbon 


has partial positive charge whereas halogen has slight negative charge because shared pair of electrons 


are more towards halogen atoms. 
St & 


—C— X 
Dipole moment of CH,Cl is higher than CH,F due to greater bond length in C—Cl bond. 


Chemical Properties of Haloarenes: 
(a) Nucleophilic substitution reactions of haloarenes 


Aryl halides are extremely less reactive towards nucleophilic substitution reactions due to the following 
reasons: 
(i) Resonance effect: In arylhalides C—xX bond acquires a partial double bond character due to 
resonance. As a result C—X bond cleavage in aryl halides is difficult than alkyl halides and therefore 
they are less reactive towards nucleophilic substitution reaction. 


ex: me, Ge 


cX: ex: eX: : 
{4h ¢.a¢ 


Canonical forms 


SX 


© 5 


5 
Resonance hybrid structure 


(ii) Difference in hybridisation: 


X a sp hybrid carbon a mea’ hybrid carbon 
C 
R~/ x 


H 


(iii) Instability of phenyl cation: In case of haloarenes, the phenyl cation formed as a result of self- 
ionisation will not be stabilised by resonance and therefore Sy] mechanism is ruled out. 


(iv) Because of the possible repulsion, it is less likely for the electron-rich nucleophile to approach 
electron-rich areas. 


However, at high temperature and pressure several nucleophilic substitution reactions are carried out. 
e Substitution by —OH group (Dow’s process) 


Cl OH 
(i) NaOH, 623 K, 300 atm 
(ii) H™ 
Chlorobenzene Phenol 


e Substitution by —CN group 


Cl CN 
CuCN, DMF 
$$ 
473K 
Benzonitrile 


e Substitution by —NH, group 


Cl NH, 
NH, 
— 
CuO, 475 K, 60 atm 
Aniline 
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(b) Reactions with metals 


Cl 2Na, Ether 
(Fittig reaction) 





2 Diphenyl 
2Cu 
e pronen (Ulmann reaction) 
Diphenyl 
Cl + Na, CH;—Cl 
Ether (O)- cH; 
Toluene 
+ Mg 
Chlorobenzene Ether (O}- M g Cl 


Phenyl magnesium chloride 


(c) Electrophilic substitution reactions of haloarenes 


cX: eX: eX: eX: x 
DHT 1 SO) 
—— <v <> <> <> 


Due to resonance, the electron density increases more at ortho and para positions than at meta positions. 
Therefore, electrophilic substitution reactions take place at ortho and para positions. 


Cl Cl 
+ Cl,/anhyd. FeCl; 4 CI 
(Chlorination) 
Cl 


p-Dichlorobenzene 







(Major product) 
Cl Cl 
Chlorobenzene 
NO; 
HNO;(conc.)/H,SO,(conc.) + 
(Nitration) 
NO, 


p-Chloronitrobenzene 
(Major product) 


Cl Ci 
conc. H,SO, 4 SO3H 
A(Sulphonation) 


SO;H 
p-Chlorobenzenesulphonic acid 
(Major product) 


Cl Cl 
+ CH3Cl $ CH; 
Anhyd. AlCl, 
(Alkylation) CH, 


p-Chlorotoluene 
(Major product) 


5 Cl Cl 

+ cu, 4 COCH; 
Anhyd. AlCl; 
(Acetylation) COCH, 


p-Chloroacetophenone 
(Major product) 


Chlorobenzene 
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6. Mechanism of Nucleophilic Substitution in Alkyl Halides 


The nucleophilic substitution reactions in alkyl halides can take place by either of two mechanisms: 
Snl and Sy2 
Substitution nucleophilic unimolecular (S1) 


It takes place in two steps and the reaction is of first order. In the first step, alkyl halide undergoes slow 
heterolysis to produce carbonium ion (an intermediate) and a halide ion. In the second step, nucleophile 
rapidly combines with the carbonium ion to complete the substitution reaction. 


R’ K 


Step1: Rcx — ™ ~ RSC +X 
RZ RV 
Carbonium ion 
(intermediate) 
R’ R’ 
Step 2: R">©c* + Nu ———~» R'S C—Nu 
RZ RZ 


Syl reactions of optically active halides are accompanied by racemisation. This is because the carbonium 
formed in the slow step being sp* hybridised is planar (achiral) therefore, the attack of nucleophile on it can 
occur from both the faces with equal ease giving a mixture containing two enantiomers in equal amounts. 
This may be illustrated by hydrolysis of optically active 2-bromobutane, which gives (+ ) butan-2-ol. 






ae, ie 
—_—_$Br 5 + Br 
S HY N 
H,CH,C a Sa 
(+) or (—) 2-Bromobutane Carbonium ion 
CH, 1 fs) A 
H / HO By x OH Hii) FL 
"Mm FI a attac : H ~ Frontal attack S 
Inversion y (Retention) 
CHCH H3CH,C 
CH,CH, ai = 


Substitution nucleophilic bimolecular (S,2) 


It takes place in one step and the reaction is of second order. In this process the nucleophile attacks the 
partially positive carbon of the C—X bond of the substrate, alkyl halide, from the back side of the C—X bond 
and the leaving group, X , departs simultaneously. 


H H 


Nu + Hui SC —————> we 


Transition state 





Syx2 reactions of optically active halides are accompanied by inversion of configuration. This is because the 
attack of nucleophile occurs from a direction opposite to the one from where the halogen atom leaves. 


The order of reactivity of alkyl halides towards Sy1 and Sy2 reactions is as follows: 


Sy l reactivity increases 


R 
CH; X RCH,X —* R— l —X 
R R” 
1° PA 3 





S2 reactivity increases 
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An alkyl group at the a-carbon, being bigger in size than H atom, tends to block the approach of the 
nucleophile to carbon due to steric hindrance in S,2 mechanism and makes the reaction difficult to occur. 
In the Syl mechanism, a carbocation is formed in the first, slow step. The more stable the carbocation, 
more easily is the product formed. Tertiary alkyl halides undergo Sy1 reaction very fast because of the high 


stability of tertiary carbocation. 
® ® ® ® 
CH, < R—CH, < R—CH—R’ < R— f —R’ 
R” 
Primary allylic and benzylic halides show higher reactivity in Sy1 reactions than other primary halides. This 
is due to stabilisation of allylic and benzylic carbocation intermediates by resonance. 
® ® 


Resonance in allyl carbocation 


& + 
CH, CH, CH, CH, CH, 
+ + 
Ee a ioy —— > 
+ 


Resonance stabilisation in benzyl carbocation 


Thus, primary alkyl halides almost always react predominantly by Sy2 mechanism. Tertiary alkyl halides 
react predominantly by Sy1 mechanism. Secondary alkyl halides may react by both the mechanisms without 
much preference. Polar solvents favour Sy1 and non-polar solvents favour Sx? reactions. 


7. Important Name Reactions 
(a) Sandmeyer’s Reaction: 


Benzene diazonium chloride is converted to chlorobenzene, bromobenzene, cyanobenzene on treatment 
with CuCl/HCl, CuBr/HBr and CuCN/KCN, respectively. 


+ 
N, Cl Cl 
CuCl, HCl 
Benzene Chlorob 
diazonium chloride pee lento 
+ 
N; Cl Br 
© Cu2Br2, HBr © 4 N, 
Bromobenzene 
+ 
N; Cl CN 
CuCN 
——________ » + 
© RER © Nz 
Cyanobenzene 


(b) Finkelstein Reaction: Chloroalkanes or bromoalkanes are converted into corresponding iodoalkanes 
by treating with sodium iodide dissolved in acetone. 


CH;,CH,Cl + Nal — ee ~ CH}CH,I + NaCl 


Ethyl chloride Ethyl iodide 
Dry acetone 
CH;,CH,Br + Nal —— CH;,CH,I + NaBr 
Ethyl bromide Ethyl iodide 


(c) Wurtz Reaction: Alkyl halides react with metallic sodium in the presence of dry ether to form alkanes. 
This reaction is used for the preparation of higher alkanes. For example, 


CH3;Br + 2Na + Br—CH, CHCH, + 2NaBr 
Methyl bromide Ethane 


Dry ether 
— ~ 
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mi ‘oa CH, CH; 
CH,;—CH—Br + 2Na + Br—CH—CH, —2"“"~ CH;—CH—CH—CH, + 2NaBr 
Isopropyl bromide 2,3- Dimethylbutane 


Wurtz reaction is only useful for the preparation of alkanes containing even number of carbon atoms and 
not for the alkanes containing odd number of carbon atoms. 


(d) Wurtz—Fittig Reaction: Aryl halides when treated with alkyl halide and sodium in dry ether give 
alkylbenzenes. 


(O)-cl + 2Na + CL_CH, —2*" > (O)-CH; + + 2NaCl 
ee ether 
(Oc + 2Na + CICH, —= E > (O)-CHs + 2NaCl 


(e) Fittig’s Reaction: In this reaction two molecules of haloarene combine with metallic sodium in the 
presence of dry ether to give diphenyl or biphenyl. 


(O)-Cl + 2Na + ciO} __Dryether__ + 2NaCl 


Diphenyl or biphenyl 


(f) Friedel-Crafts Alkylation: Benzene and other aromatic compounds react with alkyl halides in the 
presence of anhydrous AICI, to form alkyl benzene. 


CH, 
Anhyd. AICI 
© 4 CHCl PE ia Mais © + HCI 
Benzene Toluene 
CH; CH; CH; 
CH3Cl CH; | 
$< —__» 
Anhyd. AlCl; 
Toluene o-Xyl 
ylene 
H3 
p-Xylene 


(g) Dow’s Process: When chlorobenzene is treated with an aqueous solution of NaOH at 623 K, 300 atm 
pressure sodium phenoxide is formed which on acidification gives phenol. 


CI ONa 


© +2NaOH(aq) — ha no ano OQ = Ò 


(h) Hunsdiecker’s Reaction: Bromoalkanes are obtained by this method by refluxing silver salts of fatty 
acids with Br, in CCl. 
R—COOAg + Br —— 
Reflux 
CCl4 


Reflux 





R—Br + AgBr + CO, 





CHCH ,COOAg + Br, CH;CH,Br + AgBr + CO, 


This method can be employed to decrease the number of carbon atoms. 


(i) Gatterman’s Reaction: The reaction of diazonium salts with ‘Cu’ powder in the presence of 
corresponding halogen acids is known as Gatterman’s reaction. 


Oa + Gyan 
(Onc — 1 > a y (O)-Br + N, + HCl 
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8. Distinctions between Pairs of Organic Compounds Containing Halogen 


Silver nitrate test: In this test, the halide is warmed with aqueous or alcoholic KOH. The solution is then 
acidified with dil. HNO, followed by addition of AgNO; solution. 


Alkyl, benzyl and allyl halides give precipitate. 
Aryl and vinyl halides do not give precipitate. 
It may be noted that the precipitate formed should be insoluble in HNO3. 





MULTIPLE CHOICE QUESTIONS 


Choose and write the correct option in the following questions. 
1. Which of the following is vinylic halide? 





Br 
Bi 
(a) CH,CH—CHCH.Br(b) (c) Q (d) Say CH=CH: 
Br 
2. The position of Br in the compound in CH,CH—CHC(Br)(CHg), canbe classified as 
‘ [NCERT Exemplar] 
(a) Allyl (b) Aryl (c) Vinyl (d) Secondary 
3. Which of the following is an example of vic-dihalide? [NCERT Exemplar] 
(a) Dichloromethane (b) 1,2-dichloroethane (c) Ethylidene chloride(d) Allyl chloride 
4. Ethylidene chloride is a/an . [NCERT Exemplar] 
(a) vic-dihalide (b) gem-dihalid (c) allylic halide (d) vinylic halide 
5. Which is the correct IUPAC name for CH,—CH—CH,— Br? [NCERT Exemplar] 
| 
CoH; 
(a) 1-Bromo-2-ethylpropane (b) 1-Bromo-2-ethyl-2-methylethane 
(c) 1-Bromo-2-methylbutane (d) 2-Methyl-1-bromobutane 
NO, 
F 
6. The IUPAC name of the compound is: 
CH; 
(a) 4-fluoro-1-methyl-3-nitrobenzene (b) 1-fluoro-4-methyl-2-nitrobenzene 
(c) 2-fluoro-5-methyl-1-nitrobenzene (d) 4-methyl-1-fluoro-2-nitrobenzene 


7. Which of the following is most preferred to prepare alkylchloride from alcohol? 


(a) Concentrated HCl] (b) SOCI, (c) PCI, (d) PCl, 
8. Arrange the following compounds in the increasing order of their densities. 
[NCERT Exemplar] 
Cl Cl Br 


O ef wh eC, 


(a) (i) < (ii) < (a) < (iv) (b) (i) < (a) < (iv) < (ii) 
(c) (w) < (ut) < (uv) < (2) (d) (t) < (iv) < (i) < (2) 
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10. 


11. 


12. 


13. 


14. 


15. 


16. 
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Arrange the following compounds in increasing order of their boiling points. 
[NCERT Exemplar] 


CH, 
CH; | 
(i) w SXCH—CH;Br (ii) CH;CH;¿CH;CH,Br (iii) H}C—C—CH, 


3 
Br 


(a) (uv) < (i) < (ii) (b) (2) < (a) < (222) (c) (tit) < (2) < (22) (d) (a2) < (t) < (2) 





Chlorobenzene is formed by reaction of chlorine with benzene in the presence of AICI,. Which 

of the following species attacks the benzene ring in this reaction? [NGERT Exemplar] 

(a) Cl (b) Cl* (c) AlCl, (d) [ALCL J" 

Which reagent will you use for the following reaction? INCERT Exemplar] 

CH, CH, CH, CH, CH, CH, CH, CH, C1 + CH, CH, CHCICH, 

(a) Clo/ UV light (b) NaCl + HSO, 

(c) Cl, gas in dark (d) Cl, gas in the presence of iron in dark 

The reagents for the following conversion is/are 

PF iy Pg E 

(a) Zn/CH,0H (b) alcoholic KOH followed by NaNHo 

(c) aqueous KOH followed by NaN Hs (d) alcoholic KOH 

The order of reactivity of following alcohols with halogen acids is ‘ 
[NCERT Exemplar] 
CH 


3 
| 
(A) CH,—CH,—CH,—OH (B) CH,CH,— a —OH (C) CH,CH,—C—OH 
CH, CH, 
(a) (A) > (B) > (C) ($) (C) > (B) > (A) (c) (B) > (A) > (C) @) (A) > (C) > (B) 


In which of the following molecules carbon atom marked with asterisk (*) is asymmetric? 
ri R i i [NCERT Exemplar] 
x * 


Sa OPA og CBs CH 
Br Br CoH; C,H; 


(i) (ii) (iii) (iv) 
(a) (i), (@), (122), (tv) (b) (2), (22), (eae) (c) (4), (we), (tv) (d) (2), (222), (tv) 





Which of the following structures is enantiomeric with the molecule (A) given below: 
H [NCERT Exemplar] 
«CH3 
— . 
H,;C 
Bug Br 
(A) 
(a) H (b) CH5 (c) H (d) Br 
| wr Gos | wr H | V“ Br | n` 
aN Br N XS r ` 
HsG ` HC H;C 
x Br Ncn, i Ncn, _ Non, 
Two possible stereo-structure of CH,—CH(OH)COOH which are optically active are called 
(a) mesomers (b) enantiomers (c) diastereomers (d) atropisomers 
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17. 


18. 


19. 


20. 


21. 


22. 


23. 


24. 


25. 


26. 


27. 


28. 


29. 


30. 


31. 


32. 


33. 


34. 


35. 


Alkyl halides undergoing nucleophilic bimolecular substitution involve 


(a) retention of configuration (b) racemic mixture 

(c) inversion of configuration (d) formation of carbocation 

Which of the following alkyl halides will undergo S,1 reaction most readily? [NCERT Exemplar] 
(a) (CHy);C—F (b) (CH,);C—Cl (c) (CHy)sC—Br ——(d) (CH,);C—I 

For the following (7) 1°, (ii) CI, (iii) Br®, the increasing order of nucleophilicity would be: 

(a) If < Br? <Cl? (b) Br? <Cl® <I? (c) CI? < Br? <I? (d) I° <cl° < Br? 
Toluene reacts with a halogen in the presence of iron (III) chloride giving ortho and para halo 
compounds. The reactionis_. [NCERT Exemplar] 
(a) Electrophilic elimination reaction (b) Electrophilic substitution reaction 

(c) Free radical addition reaction (d) Nucleophilic substitution reaction 

Among the following compounds, which one will have a zero dipole moment? 

(a) 1, 1-Dichloro ethylene (b) cas-1, 2-Dichloroethylene 

(c) trans-1, 2-dichloroethylene (d) None of these compounds 


Which of the following will have least hindered rotation about carbon-carbon bond? 

(a) ethane (b) ethylene (c) acetylene (d) hexachloroethane 
The number of structural and configurational isomers of abromo compound C,H,Br formed by 
the addition of HBr to pent-2-yne respectively are 

(a) l and 2 (b) 2 and 4 (c) 4and 2 (d) 2 and 1 

The CI—C—C] angle in 1, 1, 2, 2-tetrachloroethene and tetrachloromethane will be about 

(a) 120° and 109°5° (b) 90° and 109:5° (c) 109-5° and 90° (d) 109°5° and 120° 

The C—H bond distance is longest in 

(a) CHo (b) CoH (c) CoH (d) CoH Bry 
Chlorination of toluene in presence of sunlight and heat and followed by treatment with aqueous 
NaOH gives 


(a) o-cresol (b) p-cresol 

(c) 2, 4-dihydroxytoluene (d) benzoic acid 

1-chlorobutane on reaction with alcoholic potash gives 

(a) but-l-ene (b) butan-1-ol (c) but-2-ene (d) butan-2-ol 

In the addition of HBr to propene in the absence of peroxides, the first step involves the addition of 
(a) H* (b) Br (c) H (d) Br* 

When HCI gas is treated with propene in presence of benzoyl peroxide, it gives 

(a) 2-chloropropane (b) allyl chloride (c) no reaction (d) n-propyl chloride 


Geometrical isomerism is shown by 
(a) CH, = C (Br)I (b) CH,CH = C (Br)I (c) (CHs)o C = C (Br)I (d) CHCH = CCl, 
Toluene reacts with chlorine in presence of sunlight to give 


(a) benzyl chloride (b) benzoyl chloride (c) p-chlorotoluene (d) o-chlorotoluene 


The compound which reacts with HBr obeying Markownikov’s rule is 


(a) CH, = CH, (b) cis-but-2-ene (c) trans-but-2-ene (d) (CHs)o C = CH, 
Silver benzoate reacts with bromine to give 
(a) CsHe (b) CseH5;COOBr (c) m-Br-CsH4COOAg (d) CeH;Br 


The reaction involved in the formation of fluoromethane from methyl bromide in presence of 
silver fluoride is called 
(a) Swarts reaction (b) Finkelstein reaction (c) Sandmeyer reaction(d) Wurtz reaction 


The intermediate during the addition of HCI to propene in presence of peroxide is 


. T . + 
(a) CH,CHCH,Cl (b) CH,CHCH, (c) CH,CH,CH, (d) CH,CH,CH, 
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37. 


38. 


39. 


40. 


41. 


42. 


43. 


44. 


45. 


46. 


47. 


48. 


49. 
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The number of possible enantiomeric pairs that can be produced during monochlorination of 
2-methylbutane is 


(a) 2 (b) 3 (c) 4 (d) 1 
During debromination of meso-dibromobutane, the major compound formed is 
(a) n-butane (b) but-l-ene (c) cis-but-2-ene (d) trans-but-2-ene 
(CH,),CMgBr on reaction with D,O produces 
(a) (CHs)sCD (6) (CHs)sCOD (c) (GDs)sCD (d) (CD)sCOD 
The reaction 
er suena i _(CH,);CHs 
H—C—Br—°* > HO—C—H 
P ia 

CH; CH, 
is described as 
(a) Sp2 reaction (b) Sxl reaction (c) Sy2 reaction (d) S\0 reaction 
The alkyl halide is converted into alcohol by 
(a) addition (b) substitution 
(c) dehydrohalogenation (d) elimination 


The replacement of chlorine of chlorobenzene to give phenol requires drastic conditions but 
chlorine of 2, 4-dinitrochlorobenzene is readily replaced since 

(a) NO» makes the ring electron rich at o-and p. 

(b) NO, withdraws electrons from the m-position. 

(c) NO, donates electrons at m-position. 

(d) NO» withdraws electrons from o-and p-positions. 


Aromatic hydrocarbons show mostly 


(a) electrophilic addition (b) nucleophilic addition 

(c) electrophilic substitution (d) nucleophilic substitution 
C,H, + Cl, —®“— C,H,Cl + HCl 

is an example of 

(a) substitution (b) elimination 

(c) addition (d) rearrangement reaction 


A solution of (+)-2-chloro-2-phenylethane in toluene racemises slowly in the presence of small 
amount of SbCl, due to the formation of 

(a) carbanion (b) carbene (c) free radical (d) carbocation 

Which of the following is a best example of Sp2 reaction? 

(a) CH3Br + OH —— CHOH + Br 

(b) (CH3)oCHBr + OH” —— (CHs3)oCHOH + Bro 

(c) CHz;CH,OH —2"~+ CH)»=CH, 

(d) (CH3), C—Br + OH —— (CH3), C—OH + Br 

Which of the following possesses highest melting point? 





(a) chlorobenzene (b) o-Dichlorobenzene (c) m-Dichlorobenzene (d) p-Dichlorobenzene 
Which of the following will not give iodoform test? 

(a) ethanol (b) ethanal (c) isopropyl alcohol (d) benzyl alcohol 

In Friedel-Craft alkylation besides AICI, other reactants are 

(a) CGH, + NH, (b) CsH, + CH, (c) C,H, + CH,Cl (d) CseHs + CH,COCI 
The addition of HBr is easiest with 

(a) CH» = CHCl (b) CICH = CHCl (c) CH,CH = CH, (d) (CHs)oC = CHo 
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54. 


55. 


56. 
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58. 
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60. 
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62. 
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Which among MeX, RCH,X, R CHX, R,CX is most reactive towards Sy1 reaction? 


(a) MeX (b) RCH )X (c) RoCHX (d) RCX 
Which of the following has highest nucleophilicity? 

(a) EF (b) OH (c) CH, (d) NH, 
The order of reactivity of the following alkyl halides for Sy2 reaction is 

(a) RF > RCI > RBr > RI (b) RF > RBr > RCI > RI 

(c) RCI > RBr > RF > RI (d) RI > RBr > RCI > RF 


The decreasing order of reactivity of the following compound towards electrophilic substitution is 


Ọ © Ọ 


CH, OCH; CF; 
I II Ill IV 
a) WI>I>U>IV (@)IV>ISIUSIl (c)I> H>H > IV (d) II > I> II > IV 


1, 2-Dibromopropane on treatment with 2x moles of NaNH, followed by treatment with 
ethyl bromide gives a pent-2-yne. The value of x is 





(a) one (b) two (c) three (d) four 
3Cl Br, /Fe Zn/HCI 
C,H, 2. A ——— B —— C 
The compound C is 
(a) o-bromotoluene (b) m-bromotoluene 
(c) p-bromotoluene (d) 3-bromo-2, 4, 6-trichlorotoluene 


Two isomeric alkenes A and B having molecular formula C,H )Cl on adding hydrogen, A gives 
optically inactive compound while B gives a chiral compound. The two isomers are 

(a) Ais 3-chloro-pent-l-ene and Bis 4-chloro-pent-2-ene 

(b) Ais 4-chloro-pent-1-ene and B is 2-chloro-pent-2-ene 

(c) Ais 3-chloro-pent-2-ene and B is 2-chloro-pent-2-ene 

(d) Ais 1-chloro-pent-1-ene and B is 5-chloro-pent-1l-ene 

When chlorine is passed through propane in presence of sunlight which of the following 
products is/are formed? 


(a) PVC (b) 2-chloropropane (c) l-chloropropane (d) Both (b) and (c) 
The number of stereoisomers of the compound 2-chloro-4-methylhex-2-ene is/are 

(a) 1 (b) 2 (c) 4 (d) 16 

Which of the following is an example arylalkyl halide? 

(a) Benzyl chloride (b) Allyl chloride (c) Chlorobenzene (d) p-chlorotoluene 


The product (A) formed in the given reaction is 


cl Ni-Al A 
+ 2H NaOH 


(a) Diphenyl (b) Benzene (c) lodobenzene (d) Toluene 
Iodoform on heating with KOH gives 

(a) CH5CHO (b) CH,COOK (c) HCOOK (d) HCHO 
Hydrolysis of 1,1-dichloroethane gives 

(a) CHCH OH (b) CHCl, (c) CHCOOH (d) CH;CHO 


Chloroform on reaction with zinc and HCI gives 


(a) formic acid (b) chloropicrin (c) methylene chloride (d) phosgene 
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67. 
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69. 
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iL 
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13. 


14. 
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CH,CH,CHCICH, obtained by chlorination of n-butane will be 

(a) meso form (b) racemic form (c) d-form (d) l-form 

An organic compound on treatment with Br, in CCI, gives bromoderivative of an alkene. The 
compound will be 


(a) CH,CH = CH, (b) CH,CH = CHCH, (c) HC = CH (d) CH, = CH» 
The reaction of alkyl halide with RCOOAg produces 

(a) esters (b) ethers (c) aldehydes (d) ketones 

The addition of propene with HOCI proceeds via the addition of 

(a) H* in the first step (b) Cl" in the first step 

(c) OH in the first step (d) Cl* and OH ina single step 

An Sp2 reaction at an asymmetric carbon of a compound always gives 

(a) an enantiomer of the substrate (b) a product with same optical rotation 
(c) a mixture of diastereomers (d) a single stereoisomer 


The number of isomers for the compound with molecular formula C,BrCIFT is 

(a) 3 (b) 4 (c) 9 (d) 6 

In the presence of peroxide, hydrogen chloride and hydrogen iodide do not give anti- 
Markownikov’s addition to alkenes because 

(a) both are highly ionic. 

(b) one is oxidising and the other is reducing. 

(c) one of the step is endothermic in both the cases. 


(d) all the steps are exothermic in both the reactions. 


Identify the set of reagent/reaction conditions ‘X’ and ‘Y’ in the following set of transformations: 











CH, CH, CH, Br —~—- Product ——- CH, oto, 
Br 
(a) X = dil. aq. NaOH, 20°C; Y = HBr/acetic acid, 20°C 
(b) X = conc. alc. NaOH, 80°C; Y = HBr/acetic acid, 20°C 
(c) X = dil. aq. NaOH, 20°C; Y = Bro/CHCl,, 0°C 
(d) X = conc. alc. NaOH, 80°C; Y = Br./CHCl,, 0°C 
The reactivity order of halides for dehydrohalogenation is 
(a) RF > RCI > RBr > RI (b) RI > RBr > RCI > RF 
(c) RI > RCI > RBr > RI (d) RF > RI > RBr > RCI 
Which of the following is known as Sandmeyer Reaction? 
(a) Colic CHOC] —~2— C,H,CH, b) Ce HOH ——— C5H;(OH)COOH 
Cup Clo 


(c) Cs Ħ; N; Cl CgHsCl + Not (d) 2HCHO —— CH,OH + HCOONa 
n-propyl chloride on reaction with aqueous KOH gives 
(a) propanol (b) propanal (c) propane (d) propene 


Which of the following is a free radical substitution reaction? 


(oy + Cl 1, (oy 
Anhyd CH; 
ydrous 
CH.Cl CHNO, 
(c) (oy + AgNO. —> (oy 


(d) CHCHO + HCN —— CH3CH(OH)CN 
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Which of the following are arranged in the decreasing order of dipole moment? 


(a) CH,Cl, CHBr, CHF (b) CH,Cl, CH,F, CHBr 
(c) CH,Br, CH,Cl, CHF (d) CH,Br, CHF, CHCl 
Which of the following reaction involves both aryl and alkyl halide? 

(a) Wurtz reaction (b) Wurtz fittig reaction 
(c) Sandmeyer reaction (d) Friedal-Crafts reaction 


Which of the following compounds is not formed when a mixture of methyl bromide and ethyl 
bromide is treated with sodium metal in the presence of dry ether? 


(a) butane (b) ethane (c) propane (d) methane 
C-Cl bond of chlorobenzene in comparison to C-Cl bond in methyl chloride is 
(a) Longer and weaker (b) Shorter and weaker 
(c) Shorter and stronger (d) Longer and stronger 
Which of the following undergoes nucleophilic substitution exclusively by Syl mechanism? 
(a) Benzyl Chloride (b) Ethyl chloride (c) Chlorobenzene (d) Isopropyl! chloride 
A Grignard reagent may be made by reacting magnesium with 
(a) Methyl amine (b) Diethyl ether (c) Ethyl iodide (d) Ethyl alcohol 
The conversion of an alkyl halide into an alcohol by aqueous NaOH is classified as 
[CBSE 2020 (56/5/1)| 
(a) A dehydrohalogenation reaction (b) A substitution reaction 
(c) An addition reaction (d) A dehydration reaction 
Fitting reaction can be used to prepare 
(a) Toluene (b) Acetophenone (c) Diphenyl (d) Chlorobenzene 
Identify the end product (c) is the following sequence: 
CyHs OH OS (a) S=— (6) OE o 
(a) C,H;CH NH» (b) CoHsCON Ho (c) CoH;CO H (d) CoH;NH»o + HCOOH 
CH,CH.CH,Cl alc. KOH B HBr Na/ether D 
In the above reaction, the product D is 
(a) Propane (b) 2, 3-Dimethylbutane(c) Hexane (d) Allyl bromide 
CH;—_CH—CH—CH; + HBr > A; ‘A’ is 
CH 

Br 
(a) GHy—C—CH,—CH (b) CH3—CH—CH—CH, 

CH, Br CH; 
(0) CHs—CH—CH,—CH,Br (d) BrCH»—CH—CH—CH; 

CH3 CH, 


Which of the following alcohols will yield the corresponding alkyl chloride on reaction with 
concentrated HCI at room temperature? 


(a) CH,CH,—CH,—OH (b) CH;CH,—CH—OH 
CH, 
CH, 

(c) CH;CH,—CH—CH,OH (d) CH,CH,—C_OH 
CH, CH, 
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Identify the compound Y in the following reaction. 


+ - 
NH, NoCl 

O NaNO, + HC1 O Cu,Cl, 

273-278K —— Y + Ne] 

Cl 


Cl Cl 
oT” o Q () oF d) p 
C1 C1 


Which of the following is halogen exchange reaction? 


(a) RX + Nal —— RI + NaX 
@) Sc=cO + HX—> AQ 
H X 


(c) R-OH + Hx —2&. 


CH, CHs CH; 
oe OO O 
dark 


Which reagent will you use for the following reaction? 


R—X + H,O 





CH, CH, CH, CH, CH, CH, CH, CH, Cl + CH, CH, CHCICH, 

(a) Cl,/UV light (b) NaCl + HSO, 

(c) Cl, gas in dark (d) Cl, gas in the presence of iron in dark. 
The position of-Br in the compound CH3CH = CHC (Br)(CH3), can be classified as 

(a) Allyl (b) Aryl (c) Vinyl (d) Secondary 

A primary alkyl halide would prefer to undergo i 

(a) Sx1 reaction (b) Sx2 reaction (c) a-Elimination (d) Racemisation 
The correct IUPAC name for diethyl bromomethane is 

(a) 1-Bromo-1,1-diethoxyethane (b) 3-Bromopentane 

(c) 1-Bromo-1-ethylpropane (d) 1-Bromopentane 


Reaction of C;H;CH.Br with aqueous sodium hydroxide follows 

(a) Sy 1 mechanism 

(b) Sy2 mechanism 

(c) Any of the above two depending upon the temperature of reaction 

(d) Saytzeff rule 

Which of the carbon atoms present in the molecule given below are asymmetric? 
OHH 


HO, a |b lc d7” 
a + NS 
°” Hoy = 
(a) a, b,c, d (b) b,c (c)a,d (d) a,b,c 


Which of the following compounds will give racemic mixture on nucleophilic substitution by 
OH ion? 


Br 
| 
(2) a a nance (ii) Ba (iii) i i iia al 
C,H; C,H; C,H; 


(a) (@) (b) (2), (w), (a) (c) (2), (we) (d) (2), (a) 
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97. Arrange the following in increasing order of rate of reaction towards nucleophilic substitution 
reaction. 


Cl Cl Cl 


NO, 
TO To wQ 
NO, 


(a) (2) < (ii) < (a2) (b) (iii) < (i) < (2) (c) (0) < (we) < (2) (d) (w) < (i) < (ii) 
98. Which is the correct increasing order of boiling points of the following compounds? 
1-lodobutane, 1-Bromobutane, 1-Chlorobutane, Butane 
(a) Butane < 1-Chlorobutane < 1-Bromobutane < |-Iodobutane 
(b) 1-lodobutane < 1-Bromobutane < 1-Chlorobutane < Butane 
(c) Butane < 1-Iodobutane < 1-Bromobutane < 1-Chlorobutane 
(d) Butane < 1-Chlorobutane < 1-Iodobutane < 1-Bromobutane 
99. Which is the correct increasing order of boiling points of the following compounds? 
1-Bromoethane, 1-Bromopropane, 1-Bromobutane, Bromobenzene 
(a) Bromobenzene < 1-Bromobutane < 1-Bromopropane < 1-Bromoethane 
(b) Bromobenzene < 1-Bromoethane < 1-Bromopropane < 1-Bromobutane 
(c) 1-Bromopropane < 1-Bromobutane < 1-Bromoethane < Bromobenzene 
(d) 1-Bromoethane < 1-Bromopropane < 1-Bromobutane < Bromobenzene 
100. Arrange the following in increasing order of rate of reaction towards nucleophilic substitution 


reaction. 


C1 C1 C1 
CH, 
(2) (ii) (iii) 
CH, CH, 


(a) (i) < (it) < (iit) (b) (ii) < @) < (ii) (c) (ii) < (ii) < (À (d) (i) < (iit) < (it) 


Anhy. AlCl; 


101. CgH,g + (CH3)>CHCH,CI ‘A’ 
The product ‘A’ is 
(a) cumene (b) n-butyl benzene (c) CH,;CH,»CH(CHs)o (d) t-butyl benzene 
102. Chlorobenzene on reaction with acetic anhydride in presence of Anhy. AlCl, will give 
(a) 4-chloro acetophenone (b) 4-chlorotoluene 
(c) 3-chloro acetophenone (d) m-chlorotoluene 
103. The reaction of iodobenzene with copper powder is known as 
(a) Sandmeyer reaction (b) Ullmann reaction 
(c) Fittig reaction (d) Wurtz reaction 


104. Which of the following sequence would yield m-nitrochlorobenzene (B) from benzene? 


Hə SO4\HNO Anhy. FeCls/Cl 
(a) CsHg —————- A Ci 
Hə SO4\HNO 
(b) Cs Hg ————*— B 
Clo HNO; 

c) CH — ——- 
(c) Ce He Anhy. FeCls Hə SO4 
(d) CoH CH COCI HNO; 

6 6 Anhy. FeCls Ho SO4 


105. Which of the following nucleophiles favours S2 mechanism? 
(a) CN (b) E (c) OH (d) NOS 
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106. Racemisation occurs in [CBSE 2020 (56/3/1)| 








(a) Sx2 reaction (b) Sxl reaction 

(c) Neither S,2 nor Sy1 reactions (d) Sx2 reaction as well as Sy 1 reaction 
107. Alkyl halides on reaction with magnesium in presence of dry ether forms 

(a) alkyne (b) alkene (c) grignard’s reagent (d) magnesium halide 
108. Ethyl alcohol gives ethyl chloride with the help of 

(a) KCl (b) NaCl (c) Cl, (d) SOCI, 
109. Alkyl halide + Mg —— (A) a Propane 

The alkyl halide is 

(a) isopropyl chloride (b) ethyl bromide (c) t-butyl chloride (d) n-butyl chloride 
110. C,H;Cl —~“2~— X; Here X is 

(a) CoH; —O—N=O (b) Cos H;—N=O (c) C,H,—NO, (d) None of these 


111. The IUPAC name of vinyl chloride is 

(a) 1-chloroethane (b) 1-chloroethene (c) 3-chloropropene (d) 1-chloropropene 
112. Anti-Markovnikov addition of HBr is not observed in 

(a) propene (b) but-l-ene (c) but-2-ene (d) pent-2-ene 
113. The reaction conditions leading to the best yield of C,H;CI are 

(a) C,H, + Cl, 

(Excess) 
(c) C,H, + Cl, 


(Excess ) 


uv light : 
aie Oe, Hc, —— > __ 


Room temperature 


uv light 
—_—_ 3 > d uv light 
C,H, + Cl, —— 


114. Only two isomeric monochloroderivatives are possible for 

(a) n-hexane (b) 2, 4-dimethylpentane 

(c) benzene (d) 2-methylpropane 
115. n-propyl bromide on treatment with ethanolic KOH produces 

(a) propane (b) propene (c) propyne (d) propanol 
116. S,2 mechanism proceed through the formation of 

(a) carbonium ion (b) transition state (c) free radical (d) carbanion 


117. The correct IUPAC name for H;C—CH—CH,—CH,—Cl is 
| 


C2 H; 
(a) 1-chloro-3-methylpentane (b) 1-chloro-3-ethylbutane 
(c) 3-methyl-l-chloropentane (d) 3-ethyl-l-chlorobutane 
118. Arrange the following compounds in order of increasing dipole moment : 
Toluene (I); m-Dichlorobenzene (II); o-Dichlorobenzene (III); p-dichlorobenzene (IV). 





(a) I<IV<I <II (b) IV<I<II<IHI 
(c) IV<I<III<TII (d) IV <II<I< III 
119. CgHs + MgBr —— C,H;MgBr —2—— ‘B’ 
The product ’B’ is 
(a) C,SH;OH (b) CHOD (c) CsHe (d) CsH;D 
120. Which of the following reaction is most suitable for the preparation of n-propyl benzene? 
(a) Friedel craft’s reaction (b) Wurtz reaction 
(c) Wurtz-Fittig reaction (d) Grignard reaction 
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121. In order to convert chlorobenzene to phenol, the reagents needed are 


(a) NaNO./HCl and dil HCl (b) NaOH and dil HCl 
(c) NaOH and H,O (d) conc. H,SO, and H,O 
122. The conversion of an alkyl halide into an alcohol by aqueous NaOH is classified as 
[CBSE 2020 (56/5/1)| 
(a) A dehydrohalogenation reaction (b) A substitution reaction 
(c) An addition reaction (d) A dehydration reaction 
Answers 
1. (c) 2. (a) 3. (b) 4. (b) 5. (c) 6. (b) 7. (b) 8. (a) 
9. (c) 10. (b) 11. (a) 12. (b) 13. (b) 14. (b) 15. (a) 16. (b) 
17. (c) 18. (d) 19. (c) 20. (b) 21. (c) 22. (a) 23. (b) 24. (a) 
25. (c) 26. (d) 27. (a) 28. (a) 29. (a) 30. (b) 31. (a) 32. (d) 
33. (d) 34. (a) 35. (b) 36. (a) 37. (d) 38. (a) 39. (c) 40. (b) 
41. (d) 42. (c) 43. (a) 44. (d) 45. (a) 46. (d) 47. (d) 48. (c) 
49. (d) 50. (d) 51. (c) 52. (d) 53. (d) 54. (c) 55. (b) 56. (c) 
57. (d) 58. (c) 59. (a) 60. (b) 61. (c) 62. (d) 63. (c) 64. (b) 
65. (c) 66. (a) 67. (b) 68. (d) 69. (d) 70. (c) 71. (b) 72. (b) 
13. (c) 14. (a) 75. (a) 76. (b) 77. (b) 78. (d) 79. (c) 80. (a) 
81. (c) 82. (b) 83. (c) 84. (c) 85. (b) 86. (a) 87. (d) 88. (a) 
89. (a) 90. (a) 91. (a) 92. (b) 93. (b) 94. (a) 95. (b) 96. (a) 
97. (c) 98. (a) 99. (d) 100. (c) 101. (d) 102. (a) 103. (b) 104. (a) 
105. (a) 106. (b) 107. (c) 108. (d) 109. (a) 110. (a) 111. (b) 112. (c) 
113. (a) 114. (d) 115. (b) 116. (b) 117. (a) 118. (b) 119. (d) 120. (c) 
121. (b) 122. (b) 


CASE-BASED QUESTIONS 





1. Read the given passage and answer the questions that follow. [CBSE Question Bank] 
Nucleophilic substitution reaction of haloalkane can be conducted according to both Syl and Sy2 
mechanisms. However, which mechanism it is based on is related to such factors as the structure 
of haloalkane, and properties of leaving group, nucleophilic reagent and solvent. 


Influences of halogen: No matter which mechanism the nucleophilic substitution reaction 
is based on, the leaving group always leave the central carbon atom with electron pair. This 
is just the opposite of the situation that nucleophilic reagent attacks the central carbon atom 
with electron pair. Therefore, the weaker the alkalinity of leaving group is, the more stable 
the anion formed is and it will be more easier for the leaving group to leave the central 
carbon atom; that is to say, the reactant is more easier to be substituted. The alkalinity order 
of halogen ion is I < Br < Cl < F and the order of their leaving tendency should be 
I >Br >Cl >F . Therefore, in four halides with the same alkyl and different halogens, the 
order of substitution reaction rate is RI > RBr > RCI > RF . In addition, if the leaving group is 
very easy to leave, many carbocation intermediates are generated in the reaction and the reaction 
is based on Syl mechanism. If the leaving group is not easy to leave, the reaction is based on Sy2 
mechanism. 

Influences of solvent polarity: In Sy1 reaction, the polarity of the system increases from the 
reactant to the transition state, because polar solvent has a greater stabilizing effect on the 
transition state than the reactant, thereby reduce activation energy and accelerate the reaction. 
In Sy2 reaction, the polarity of the system generally does not change from the reactant to the 


WWW. JEEBOOKS. INialoalkanes and Haloarenes | 93 


transition state and only charge dispersion occurs. At this time, polar solvent has a great stabilizing 
effect on Nu than the transition state, thereby increasing activation energy and slow down the 
reaction rate. For example, the decomposition rate (S,y1) of tertiary chlorobutane in 25°C water 
(dielectric constant 79) is 300000 times faster than in ethanol (dielectric constant 24). The reaction 
rate (S,y2) of 2-bromopropane and NaOH in ethanol containing 40% water is twice slower than 
in absolute ethanol. In a word, the level of solvent polarity has influence on both Sy1 and S,2 
reactions, but with different results. Generally speaking, weak polar solvent is favourable for Sy2 
reaction, while strong polar solvent is favourable for Sy 1 reaction, because only under the action 
of polar solvent can halogenated hydrocarbon dissociate into carbocation and halogen ion and 
solvents with a strong polarity is favourable for solvation of carbocation, increasing its stability. 
Generally speaking, the substitution reaction of tertiary haloalkane is based on Syl mechanism in 
solvents with a strong polarity (for example, ethanol containing water). 


(Ding, Y. (2013). A Brief Discussion on Nucleophilic Substitution Reaction on Saturated Carbon Atom. 
In Applied Mechanics and Materials (Vol. 312, pp. 433-437). Trans Tech Publications Ltd.) 


The following questions are multiple choice questions. Choose the most appropriate answer: 
(i) Syl mechanism is favoured in which of the following solvents: 
(a) benzene (b) carbon tetrachloride (c) acetic acid (d) carbon disulphide 


(ii) Nucleophilic substitution will be fastest in case of: 


(a) 1-Chloro-2,2-dimethylpropane (b) 1-lodo-2,2-dimethylpropane 

(c) 1-Bromo-2,2-dimethylpropane (d) 1-Fluoro-2,2-dimethylpropane 
(iii) Syl reaction will be fastest in which of the following solvents? 

(a) Acetone (dielectric constant 21) (b) Ethanol (dielectric constant 24) 

(c) Methanol (dielectric constant 32) (d) Chloroform (dielectric constant 5) 


(iv) Polar solvents make the reaction faster as they: 


Answers 
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(a) destabilize transition state and decrease the activation energy 
(b) destabilize transition state and increase the activation energy 
(c) stabilize transition state and increase the activation energy 
(d) stabilize transition state and decrease the activation energy 
(v) Sxl reaction will be fastest in case of: 
(a) 1-Chloro-2-methylpropane (b) 1-lodo-2-methylpropane 
(c) 1-Chlorobutane (d) 1-lodobutane 
(?) ©) (2) (b) (wz) (c) (wv) (d) (v) (6) 


2. Read the passage given below and answer the following questions: 


The polarity of C—X bond is responsible for the nucleophilic substitution reactions of alkyl halides 
which mostly occur by Syl and Sy2 mechanisms. The rates of Sy1 reaction are governed by the 
stability of intermediate carbocations while that of S,2 reactions are governed by steric factors. 
Chirality has a great role in understanding the mechanism of S,,1 and S,2 reactions. S,,1 reactions 
of chiral alkyl halides are accompanied by racemisation. Whereas Sy? reactions are characterised 
by inversion of configuration. 
(Source: Smeltzer, W.W., & Young, D.J. (1975). Oxidation properties of transition metals. 
Progress in Solid State Chemistry, 10, 17-54.) 
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The following questions are multiple choice questions. Choose the most appropriate answer: 


(i) Alkyl halides undergoing nucleophilic bimolecular substitution involve 


(a) retention of configuration 


(c) inversion of configuration 


(b) racemic mixture 


(d) formation of carbocation 


(ii) Which of the following alkyl halides will undergo S,1 reaction most readily? 


(a) (CHs)sC—F 


(b) (CHs)sC—Cl (c) (CHs)sC—Br (d) (CHs)sC—I 


(iii) In the following reaction, ‘A’ is 


(a) CHCH ONO 


KNO,» 6 A’ 


(c) CHCH OH 


CH, CH, Cl 


(b) CHCH NO, (d) CH,CH,KO 


(iv) An optically active compound having molecular formula C,H,,Br reacts with aq. KOH to 
give a racemic mixture of products. The compound is 


(a) a thea Cano 


(c) CHs—CH»—-CH»—-C —CH» CHs 


Answers 


() (c) 


(b) CH,CH,CH,»CH,CH,CH,CH.Br 
Br 


CHs yr 
| 

(d) CH, CHo CHə—C—CHo Br 
| | 


Br CHs 


(2) (d) (wz) (a) (wv) (c) 


ASSERTION-REASON QUESTIONS 


In the following questions, a statement of assertion followed by a statement of reason is given. 
Choose the correct answer out of the following choices. 


(a) 
(b) 
(c) 
(d) 

L 


Assertion and reason both are correct statements and reason is correct explanation for assertion. 


Assertion and reason both are correct statements but reason is not correct explanation for assertion. 
Assertion is correct statement but reason is wrong statement. 


Assertion is wrong statement but reason is correct statement. 


Assertion (A) 


Reason- (R) 


Assertion (A) 
Reason (R) 
Assertion (A) 
(R) 
Assertion (A) 
(R) 


Reason 


Reason 


Assertion (A) 


Reason (R) 


: Phosphorus chlorides (tri and penta) are preferred over thionyl chloride for the 


preparation of alkyl chlorides from alcohols. 


: Phosphorus chlorides give pure alkyl halides. 
: Boiling points of alkyl halides decrease in the order 


R—I > R—Br > R—Cl > R—F. [CBSE 2020 (56/2/1)| 


: Van der Waals forces decrease with increase in the size of halogen atom. 

: KCN reacts with methyl chloride to give methyl isocyanide 

: CN is an ambident nucleophile. 

: tert-Butyl bromide undergoes Wurtz reaction to give 2, 2, 3, 3-tetramethylbutane. 


: In Wurtz reaction, alkyl halides react with sodium in dry ether to give hydrocarbon 


containing double the number of carbon atoms present in the halide. 


: Hydrolysis of (—)-2-bromooctane proceeds with inversion of configuration. 


: This reaction proceeds through the formation of a carbocation. 
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6. Assertion (A) 
Reason (R) 
7. Assertion (A) : 
Reason (R) 
8. Assertion (A) 
Reason (R) 
9. Assertion (A) 
Reason (R): 
10. Assertion (A) 
Reason (R) 
11. Assertion (A) 
Reason (R) 
Answers 
1. (b) 2. (c) 
9. (a) 10. (b) 


: 3° alkyl halides are most reactive towards S,1 reaction. 


: In Syl reaction, the rate of the reaction depends only on the concentration of 


alkyl halide. 


Presence of a nitro group at ortho or para position increases the reactivity of 
haloarenes towards nucleophilic substitution. 


: Nitro group, being an electron withdrawing group decreases the electron density 


over the benzene ring. 


; Nitration of chlorobenzene leads to the formation of m-nitrochlorobenzene. 


: —NO, group is a m-directing group. 


: It is difficult to replace chlorine by -OH in chlorobenzene in comparison to that 


in chloroethane. 


Chlorine-carbon (C—Cl) bond in chlorobenzene has a partial double bond 
character due to resonance. 


: In monohaloarenes, further electrophilic substitution occurs at ortho and para 


positions. 


: Halogen atom is a ring deactivator. 


: Aryl iodides can be prepared by reaction of arenes with iodine in the presence of 


an oxidising agent. 


: Oxidising agent oxidises I, into HI. 


3. (d) 
11. (c) 


4. (a) 5. (c) 6. (b) 7. (a) 8. (d) 





9. 
14. 
18. 


22. 


23. 


24. 
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HINTS/SOLUTIONS OF SELECTED MCQS 


(c) With increase in surface area boiling point increases. 


(b) The carbon atom having four different group is called asymmetric carbon atom. 
(d) The reactivity of the halides are 
R-I> R-Br>R-Cl>>R-F. Hence, (CHs;),C—I will undergo the reaction most readily. 


(a) Free rotation around carbon-carbon bond takes place easily in alkanes. Now ethane and 


hexachloroethane both are alkanes, but in hexachloroethane bulky chlorine atom is present 
due to which rotation of C—C hindered. 


Br H 
(A) 


+ Bat tae i —CH;, 


H Br 
(B) 


Both (A) and (B) exists as a pair of geometrical isomers. Therefore, there are 2 structural and 


4 configurational isomers. 


The Cl—C—Cl angle in 1, 1, 2, 2-tetrachloroethene (carbon is sp° hybridised) and 


tetrachloromethane (carbon is sp” hybridised) will be about 120° and 109.5° respectively. 
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26. 


2i 


29. 


30. 


32. 


33. 


35. 


36. 


37. 


38. 


OH 
CH; CCl; HO— 


OH 
(d) © + 3Ch —— © + 400 > O 50, 


COOH 


Benzoic acid 





(a) H,C—CH,—CH,—CH,—Cl —*S48"- CH,—CH,—CH = CH, 
l -chlorobutane But- l -ene 
Benzoyl 
(4) CH;CH=CH; + HCI? CH;ÇHCH; 
Propene Ci 


2-Chloropropane 
[:.. Peroxide effect is not observed with HF, HCI and HI] 














(b) Only C=C , will show geometrical isomerism because of presence of two different 
i io 
H I 
groups on the same carbon atom. 
(d) CHs3s— C=CH»ə + HBr ——> ae + Hs3C—HC—CHb, Br 
2- methylpropene Br CH, 
2- Bromo-2- methylpropane l -Bromo- 2- methylpropane 
(Major) (Minor) 


All others are symmetrical alkenes. 


COO Ag* Br 
(d) + Bro — Naon y O + CO» + AgBr 
Bromobenzene 


(b) The intermediate formed during the addition of HCI to propene in the presence of peroxide 
is CH; CH* CH3. 
In case of HCl, peroxide has no effect. Secondary carbocation is formed as it is more stable 
than primary carbocation. 

(a) Iwo enantiomeric pairs can be produced, z.e., l-chloro-2-methylbutane and 2-chloro-3- 
methylbutane. 
The given reaction is undergoing substitution 100% inverse of configuration and is a one step 
reaction. Therefore, it follows S2 mechanism (substitution nucleophilic bimolecular). 


(d) CH; 
| 


H—C—Br o H 
| Debromination rN C=C Pa a 


HL CH 


C=C 





i in Pa SS 
= CH; CMs CH; a 
(cis-but-2-ene) (trans-but-2-ene) 
CH, (Minor) (Major) 


Meso-dibromobutane 


(a) When (CHs;);CMgBr reacts with DO the C— Mg bond donates its electron pair to a deuterium 
atom, forming (CH;), C—D and Mg(OH)Br. 


This occurs because the C that is bonded to Mg is strongly nucleophilic and can attack a 
region of positive charge density such as the deuterium atom in a water molecule. 
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41. 


42. 


44. 


45. 


46. 


47. 


48. 


49. 


51. 


54. 


99, 


98 


(d) NO, group shows —M effect due to which electrons are withdrawn from ortho and para 
position which makes the benzene ring more prone to nucleophilic substitution reaction and 
hence replacement of Cl can be done easily. 

(c) The more loosely held electrons are open to attack by electrophiles. Hence, the characteristic 
reaction of benzene is electrophilic substitution reaction. 

(d) Formation of carbocation occurs: 


H 


| + 


CH8 CH, 
(+)-2-chloro- 2- phenylethane Carbocation 
(a) The order of reactivity of alkyl halide towards S,2 mechanism follows the order: 
CHBr > (CHs),>CHBr > (CHs;),C—Br 
Thus, reaction (a) is a best example of S,2 reaction. 
(d) p-Dichlorobenzene has symmetrical structure, so it fits closely in the crystal lattice. Therefore, 
it has highest melting point. 
(d) Benzyl alcohol does not have CH,CO™ group or CH,CH.O group so it will not give positive 
iodoform test. 


(c) CH; 
anhydrous 
AICls 
+ CHG L —— + HCl 
Benzene Toluene 


(d) More the number of alkyl groups, more will be the stability of carbocation and easier will be 
the reaction. 

(c) A nucleophile is a chemical species that donates an electron pair to an electrophile to form a 
chemical bond in relation to a reaction. So, less the electronegativity more the nucleophilicity 
of ion. Thus, CH; has the highest nucleophilicity. 


NaNHo NaNHo5 —- + 
© CHsGHGH; a. TC = CH — > «~CH,—C = CNa 
Br Br 
2. CH.—C =CCH;CH; 
(b)  CHs CCl; 
Ò Py O 
a 
—~3HCl 
Toluene (A) 
| ra 
CCl; CH; 
Zn/HCl 
Br Br 


m-bromotoluene 
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56. (c) Hə 
a a — H;C—C a HoCHs 


Cl Cl 
3-chloro-pent-2-ene 3-chloropentane 
‘A Optically inactive 


CH;—CH,—CH=C—CH, ++ CHsCH,CHsCHCH, 


Cl Cl 
2-chloro-pent-2-ene 2-chloropentane 
‘B Optically active 


58. (c) * 
CH3—C=CH—CH—CH>CHs 


Cl CH, 


Here, the molecule has one double bond, so there is one geometrical centre and one chiral 
; 9 
centre. Therefore, number of stereocentres(n) = 2 and number of stereoisomers = 2° = 4 


CHCl 


59. (a) is an example of arylalkyl halide as halogen atom is attached to the side chain 
Benzyl chloride 


of the carbon atom of benzene ring. 


3KOH KOH 
61. (c) CHIs aay [CH(OH)s] =-95> HCOOH = G> HCOOK 
62. (d) Cl OH 
CH;—CHI = GH, cH 
Cl OH 
1,1-dichloroethane 
-HO 
CH;CHO 
Ethanal 


63. (c) a Cl 
H—-C—@ ae i ie 








Cl H 
(Methylene chloride) 
65. (c) HG=CH + Br —“*+ HC=CH 
Ethyne 
Br Br 


1,2 -dibromoethene 


66. (a) R'X + RCOOAg ——~RCOOR’ + AgX 
Alkyl halide Ester 


67. (b) HOCI + HOCI —— H,O + OCT +CI* 
CH;—CH=CH;, + Cl —> CH;ĈH—CH,CIl 
jon 
CH,CHCH,Cl 
On 
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69. (d) The number of possible isomers is 6: 


Ea _ Br CIN, _ Br 
Qa oN i po 


F Cl Br Cl 
Bra NI E< NI 


F Br F Cl 
wees CaO 
I Cl I Br 


70. (c) Incase of HI, HF and HCI, one of the step is endothermic while in case of HBr, both the steps 
are exothermic and therefore HI, HF and HCI does not undergo anti Markovnikov’s addition 
in presence of peroxide. 


conc. alc. NaOH 20°C 


71. (b) CH, CHo CHoBr 30°C CH, —CH=CHo 


HBr/acetic acid 


pa 
Br 


73. (c) The reaction in which chloroarenes can be prepared by treating benzene diazonium chloride 
with cuprous chloride is known as Sandmeyer’s reaction. 


NCI Cl 
CuoClo 
Q —= Q +m 


Chlorobenzene 


74. (a 


— 


CH3;CH»CHeCl + aq. KOH —— GH3CHsCH.OH + KCI 
n-propyl chloride Propanol 


CH, CHCl 
The reaction (oy = 4 Of + HC] is a free radical substitution reaction. 


This can be explained as 
Step I: Cl —Seniet oC] 
Step IT: : 


CH, CH, 

OF light Of ra 
BH, CHCI 

O +a— O 


The other given reactions involves the formation of ions. 


75. (a 


— 


Step III: 


76. (b 


Nee” 


The dipole moment decreases on decreasing the electronegativity of the halogen from Cl to 
I. Moreover, the CHsF has lower dipole moment than CH,Cl because of very small size of F 
which outweighs the effect of greater electronegativity. 


77. (b) In Wurtz-Fittig reaction, aryl halide is heated with alkyl halide in the presence of sodium in 
dry ether. Here, halogen atom is replaced by alkyl group and alkylarene is formed. 


78. (d) CHBr + CoH;Br + 2Na —2“""~ CH,CH,CH; + 2NaBr 
Propane 
CH;Br + CHBr + 2Na —2“""~ CH;—CH, + 2NaBr 
Ethane 
Dry ether 


Cə H; Br F Cə H; Br + 2Na CH; CH» CHo CH3 + 2NaBr 


Butane 
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79. 


81. 


83. 


84. 


85. 


86. 


88. 


89. 


90. 


93. 


94. 


(c) In chlorobenzene, chlorine group is attached to sp* hybridised carbon and in methyl 
chloride it is attached to sp” hybridised carbon so the C—Cl bond is shorter and stronger in 


chlorobenzene. 
(c) CHyCHs3I + Mg 


dry ether 


Ethylmagnesium iodide 
— 
o aÇ )X + maqa 
diphenyl (X = Cl, Br) 


SOCls 


pyridine 


KCN (alc.) 20H 7/H™ 


(c) CoH;OH CoH; Cl CoH;CN —————> CH; COOH 


CH;CH,CH,cl —“*“"— CH,—CH=CH, —™ 








(0) l - chloropropane 
eo n CH; — A D i =U: 
2,3 -dimethylbutane 
Hydride 
Ht i 
(a) CHs—CH=CH—CH,——> cH, ,CHCHCHs Pan CHyC—CH,CH, 
CH, CH, CHs 
i 
B 
= CHsO—CHsCHs 
CH; 
2-bromo-2-methylbutane 
NsCl 
(a) onl : _NaNOs + HC1 ‘ CuCl; O 
—— 
~~ 278-278K 278K (Sandmeyer’s + Nof 
reaction) 


(a) The halogens X and I are exchanging their position in this reaction: 
RX + Nal —> RI + Nax 
(a) CH,CH,CH,CH, —— CH,CH,CH,CH, Cl + CH,CH,CHCICH, 


Cl, in presence of UV light gives monochlorinated isomeric products via free radical 


mechanism. 
9 |] 
(b) CH.CH; 
H—C—Br 
CHCH; 
4 ^5 


3-Bromopentane 


-- 
a 
(2) CHoBr CHo CHOH 
Step I, 7 SoH 
= + Broec-> 
Step II 
Benzyl bromide (Stable carbocation) Benzyl alcohol 
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95. 


96. 


101. 


105. 


107. 


108. 


109. 


110. 


113. 


114. 


115. 


117. 


(b) 


(a) 


(b) 


They are sp? hybridised carbon and attached to different substituents. 


Assymetric carbon atom is the chiral carbon which is sp” hybridised and attached to different 
substituents. Here, carbon atom (b) and (c) are assymetric. 


For racemic mixture, the compound should contain at least one chiral carbon in the compound. 
As (a) contains chiral carbon so it forms racemic mixture. 


Electron withdrawing group increases the rate of reaction towards nucleophilic substitution 
reaction. Its effect is more at ortho than meta position 


Boiling point of chlorides, bromides and iodides are higher than those of parent hydrocarbon 
due to greater polarity and higher molecular mass. Thus, the correct increasing order is 


Butane < 1-Chlorobutane < 1-Bromobutane < 1-Jodobutane 


CH; 


Anhy. AlCl, b_cH, 
Q + (CH3)s>CHCH scl ——> | 
CH; 


t-butyl benzene 





Stronger the attacking nucleophile, higher is the reactivity. The order of nucleophilic strength 
follows the order CN’ >OH >F > NO; . Thus, CN favours S42 mechanism. 
Saher òT òt ò 
R—X $ Mg Dry ethe R—MgX 
Alkyl halide Grignard’s Reagent 
CH;CH,OH + SOC 5e . CH3CH.Cl + SO.t + HCl! 
Ethyl alcohol Thionyl chloride Chloroethane 
Since alkane formed is propane, therefore the alkyl halide may be isopropyl! chloride. 
H,C—CH—CH, + Mg — HgC4CH—CH, —2@®° . H, C—CH;—CH; 
| | H»O (Boil) Propane 
Cl MgCl 
isopropyl chloride 
CoH,Cl ——~> CoH; MANEO + KCI 
Chloroethane EthyInitrile 
(X) 
CoH, + Ch go> CoH,Cl + HCl 


(excess) 
In this reaction, if we use Cl, in excess, then mono, di, tri and tetra chloroalkanes are formed 
as product and if ethane is used in excess, then ethyl chloride forms as major product. 


3 ia ia 
Clo 
a CE: -~ ee et — i 
v 
H H Cl 
2-methylpropane 1-chloro-2-methylpropane 2-chloro-2-methylpropane 
Elimination reaction occurs. 
a E a Ethanolic KOH , ees 
CH; CH» CHoBr ie CH CH=CH» 
n-propyl bromide 7 Propene 
The correct IUPAC name of the given compound is 


3 2 

H,C—CH—CH, 
| 
CHCH; 
4 5 


l -chloro- 3- methylpentane 


l 
CH,—Cl 
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118. (b) CH; Cl Cl Cl 


Q on 
’ Cl ’ 


Toluene m—dichlorobenzene  o-—dichlorobenzene C1 
CH; is less 0 = 120° 0 = 60° 0 = 180° 
electronegative Maximum p-dichlorozene 
than Cl dipole moment It has zero dipole 
so has less moment 


dipole moment 
So, the order is IV < I< II < III 
119. (d) CoH, + MeBr —— CgH;MeBr —2-~C,H;D + Mg(OD)Br 
ap 


120. (c) Wurtz-Fittig reaction: 
Br 


CH;,CHoCHoBr + Ô + 2Na SL, CHCH;CH + 2NaBr 


Propyl bromide 


n -propyl benzene 


Cl O Na 


623 K, 300 atm 
———— 
© + NaOH “Hel 


Chlorobenzene Sodium phenoxide -NaCl | dil. HCl 


OH 


Phenol 
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ALCOHOLS, PHENOLS 05 
AND ETHERS 





BASIC CONCEPTS 


1. Alcohols and phenols are the compounds containing one or more hydroxyl groups (—OH). The alcohols 
contain the —OH group attached to the alkyl group whereas in phenols, the —OH group is attached to the 
aromatic ring. 


Alcohols: 
CH; —OH CH, —CH, CH, —CH— GH» 
Methyl alcohol | | | | | 
(Monohydric) OH OH OH OH OH 
Ethylene glycol Glycerol 
(Dihydric) (Trihydric) 
Phenols: 
OH OH OH 
OH H 
H 
Phenol Catechol Pyrogallol 
(Monohydric) (Dihydric) (Trihydric) 


2. Conversion of Alcohols 
[A] Ascent of Series 
1. Conversion of a Lower Primary Alcohol to a Higher Primary Alcohol. 
For example, methanol to ethanol 


KCN 4H HNO 




















P+] 
(a) CHOH —2_ CH, I CH,CN —-—— CH,CH,NH, 2+ CH, CH, OH 
l 4 l 
Methanol Iodomethane Methylcyanide Ethanamine Ethanol 
P+] H,O 
(b) CHOH ==> CH, —“S > CH,Mgl_ “> CH,CH,OMgI —2-—> CH, CH, OH 
Methanol lodomethane Methyl Magnesium Addition Product Ethanol 
lodide 


2. Conversion of a Primary Alcohol to a Higher Secondary Alcohol. For example, conversion of 
ethanol to isopropyl alcohol (propan-2-ol) 


| CH3 
CH;CH,OH—2l, cH; CHO —OCHMel_, ~ CHOH 
(i)H,0/H" CH, a 


Propan-2-ol 
(Isopropyl alcohol) 


Ethanol Ethanal 


3. Conversion of a Secondary Alcohol to a Higher Tertiary Alcohol. 
(i) CH, Mel 


[0] _ 
(CH,), CHOH —— (CH,),C = O aoe 


Isopropyl alcohol Acetone 


(CH,),C—OH 
tert. Butyl alcohol 


104] Chemistry—XIl: Term-1 WWW.JEEBOOKS.IN 


[B] Descent of Series 
1. Conversion of a Higher Primary Alcohol to a lower Primary Alcohol. For example, conversion of 
ethanol to methanol. 
CH; CH, OH 2) cH, cHoO—!2L CH; COOH Z CH, 
Ethanol Acetaldehyde Acetic acid CCO) Methane 


Cl, 
U.V Light 


Aq. KOH 


CHOH A CHCI 
Methanol Chloromethane 


2. Conversion of a Higher Secondary Alcohol into a Lower Primary Alcohol. For example, the 
conversion of secondary butyl alcohol to ethanol. 


conc. H, SO _ (i) [O] LiAlH, 
— ii 
| (H29) But-2-ene 7 Ethanal Ethanol 


OH 
Butan-2-ol 
(sec-Butyl alcohol) 


3. Conversion of a Tertiary Alcohol into a Lower Secondary Alcohol. Example, conversion of 
tert. butanol to isopropanol. 


LiAlH, 


(CH, )}, C—OH conc. H,SO, cH, eon (i) [0] Fa Acetone E Isopropyl alcohol 

CEE ba > 3 JA A A PETT 

tert. Butyl alcohol (> BW) Isobutene (11) H20 N HCHO —> CH3 OH 
Formaldehyde Methanol 
(Methanal) 


[C] Interconversion of Primary, Secondary and Tertiary Alcohols 


1. Primary Alcohol into Secondary Alcohol. Example : conversion of n-propanol to isopropanol. 
Conc. H, SO, 
ee 





CH, CH, CH,OH 4 CH;—CH = CH, 
n-propanol Propene 
PCl; HI 
CH, CH, CH, Cl CH, CHI CH; 
Aq KOH 
CH, CH(OH) CH; 


2. Secondary Alcohol into Tertiary Alcohol. Example : Conversion of isopropyl alcohol into tertiary 
butyl alcohol. 


(CH; )7 CHOH 2, (cH), C=0 -DEME , (cH, ), C— OH 
Isopropyl alcohol Acetone (it) HO tert. Butyl alcohol 
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[D] Interconversion of Isomeric Alcohols 
1. Conversion of a Secondary Alcohol to Isomeric Tertiary Alcohol. Example, conversion of 
3-methylbutan-2-ol into isomeric 2-methylbutan-2-ol. 
CH; CH3 
N | 
CH; < CH5 CH— CH, 2% 40504, CH, —C= CH—CH; —4> 


N N (-H20) 3-Methylbut-2-ene 


`N ORs 
H CH CH 
3-Methylbutan-2-ol | 3 i 3 
CH, —C— CH, CH, “459! , cH, —C— CH, CH; 


I OH 
2-Methylbutan-2-ol 
(Isomeric tert.-alcohol) 


2. Conversion of a Primary Alcohol into Isomeric Tertiary Alcohol. Example, conversion of isobutyl 


alcohol to tert. butyl alcohol. 


CH, CH; CH, CH; 
| conc. H,SO, | HI aq. KOH | 
CH; — CH — CH, OH————_> CH; — C = CH, —*» CH; —C—CH; ———> CH; -C-CH; 
(— H20) 
Isobutyl alcohol 2-Methylpropene | | 
(2-Methylpropanol) I OH 
tert.-Butyl iodide tert.-Butyl alcohol 


3. Methods of Preparation 
Alcohols are prepared by following methods: 
(a) From alkenes 
(i) By acid catalysed hydration: 


Addition occurs according to Markovnikov’s rule. 
~ 


R—CH=CH, + H,O == R—CH—CH, 
| 
OH 


(ii) By hydroboration oxidation: 
Addition occurs in accordance with anti-Markovnikov’s rule. 


RACH Ch, + + BH), —— > (R—CH,—CH,),B 


a H,O 
Diborane —___ 2 2_ yp R—CH,—CH,—OH + H,BO, 


OH , H,O 
1° Alcohol 


(iii) By oxymercuration-demercuration: 
Addition occurs according to Markovnikov’s rule. 


(CH,—COO),Hg 
CH,—CH—CH, CH,—CH—CH,—Hg0OCCH, 
THF — H,O 


Propene 
OH 
NaBH,} OH 
CH,—CH—CH, 


OH 
Propan-2-ol 
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(6) From carbonyl compounds 
(i) By reduction of aldehydes and ketones: 


Common reducing agents used are lithium aluminium hydride (LiAIH,), sodium borohydride 


(NaBH,), H, in the presence of Ni or Pt. Aldehydes on reduction give 1° alcohols whereas ketones 
on reduction give 2° alcohols. 


ll LiAlH 
— C- H + 4 = —_ 


Aldehyde 1° Alcohol 


R 
R’ 


D Ni or Pt Ra 
>C=0 +H, i+ CHOH 


Ketone 2° Alcohol 


(ii) From Grignard’s reagents 


5- 6+ — + 
Sco + RMg Xx —> >C—OMgX |" > >C—OH +Mg(OH)X 
a a | L 
Aldehyde or Grignard R 
ketone reagent Adduct Alcohol 


The reaction of Grignard’s reagents with formaldehyde produces a primary alcohol, with other 
aldehydes it produces secondary alcohols and tertiary alcohols with ketones. 





+HCHO 
LO R—CH,—OH + Mg(OH)X 
1° Alcohol 
R 
R—Mex +R n “>CH—OH + Mg(OH)X 
Grignard reagent % R 2° Alcohol 
PO E 
= R—C-R + Mg(OH)X 
OH 
3° Alcohol 
(iii) By reduction of carboxylic acids and esters: 
(i) LiAlH, 
R—COOH : R—CH,—OH 
Carboxylic acid ve 1°Alcohol 
H,/Pd 
R—COOR ———> R—CH,—_OH + R—OH 
Ester 1°Alcohol 


(c) By the hydrolysis of haloalkanes 


RX + KOH(ag) ——> R—OH + KX 
On hydrolysis with aqueous KOH, primary alkyl halides give good yield of primary alcohols; secondary 
alkyl halides give a mixture of alcohol and alkene while tertiary alkyl halides mainly give alkenes. 
4. Physical Properties of Alcohols: 


(a) The lower members of alcohols are colourless, volatile liquids with a characteristic alcoholic smell 


and burning taste whereas higher alcohols are odourless and tasteless. Higher alcohols having 12 or 
more carbon atoms are colourless waxy solids. 


(b) Solubility of alcohols: The first three members are completely miscible with water. The solubility 
rapidly decreases with increase in molecular mass. The higher members are almost insoluble in 
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water but are soluble in organic solvents like ether, benzene, etc. The solubility of lower alcohols in 
water is due to their ability to form hydrogen bonds with water molecules. 


R R 


| 
O 


fe 


5 
N st 


The solubility of alcohols in water decreases with increase in molecular mass because with increase in 
molecular mass the non-polar alkyl group becomes predominant and masks the effect of polar —OH 
group. In addition, among the isomeric alcohols the solubility increases with branching of chain. It is 
because the surface area of non-polar part in the molecule decreases, thus enhancing the solubility. 


(c) Boiling points: Boiling points of alcohols are much higher than those of alkanes, haloalkanes or ethers 
of comparable molecular masses. This is because in alcohols strong intermolecular hydrogen bonding 
exists due to which a large amount of energy is required to break these bonds. 


|, 
EON 

5° + 5° + 
H : gê H gê 


Among isomeric alcohols, the boiling point decreases with increase in branching in the alkyl group. For 
isomeric alcohols, the boiling points generally follow the order: 


Primary alcohol > secondary alcohol > tertiary alcohol. 
5. Chemical Properties of Alcohols: 
The reactions of alcohols can be classified into three types: 
(a) Reactions involving the cleavage of oxygen—hydrogen bond. 
(b) Reactions involving the cleavage of carbon—oxygen bond. 
(c) Reactions involving both the alkyl as well as the hydroxyl group. 
(a) Reactions involving cleavage of oxygen—hydrogen (O—H) bond 
Acidity of alcohols: The acidic character of alcohols is due to the polar nature of O—H bond. An 
electron releasing group (alkyl group) increases electron density on oxygen tending to decrease the 
polarity of O—H bond. This decreases the acid strength. For this reason, the acid strength of alcohols 
decreases in the following order: 


R R 
R—CH,—OH > ne CH—OH >> RS C—OH 


R 
1° Alcohol 2° Alcohol 
3° Alcohol 


(i) Reaction with metals: 


— + 
2R—O—H + 2Na——» 2R—ONa +H, 


Sodium alkoxide 


— + 
CH,—CH,—OH + Na——» CH,;—CH,—ONa + +H, 
Ethyl alcohol Sodium ethoxide 
6(CH,);—C—OH +2Al——+ 2((CH,);—C—O),Al + 3H, 
3° Butyl alcohol Aluminium tert -butoxide 


(ii) Esterification: 
H' 
R—COOH + R—OH == R—COOR’ + H,O 
Carboxylic acid Alcohol Ester 
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(R—CO),O + R’—OH == R—COOR’ + R—COOH 
Acid anhydride Ester 


R—COCI + R’—OH mdme R—COOR’ + HCI 
Acyl chloride Ester 


(b) Reactions involving cleavage of carbon—oxygen (C—O) bond 
In such type of reactions, the order of reactivity of alcohols is 
3°Alcohol > 2°Alcohol > 1°Alcohol 
(i) Reaction with hydrogen halides: 


R—OH + H—X ——~> R—X + H,O 
Alcohol Alkyl halide 


CH,—CH,—OH + H—CL Atad > CH;—CH,—Cl + H,O 
(ii) Reaction with phosphorus halides: 
R—OH + PCl, ————» R—CI + POCI, + HCl 
3R—OH + PCl..:—\—> 3R—CI + H,PO, 


3R—OH + PBr, —2m@eBn)  3R—Br + HPO; 
3R—OH + PI, —Weckt) > 3R—I + HPO; 


R—OH + SOCI, ———» R—CI + SO, T + HCI Î 


(c) Reactions involving both the alkyl as well as the hydroxyl group 
(i) Dehydration: The ease of dehydration follows the following order: 


3° Alcohol > 2° Alcohol > 1° Alcohol 
H,SO, 


CH3;—-CH,—-OH A 7 d CH=CH, T H,O 
Ethyl alcohol Ethene 
79 
CH;—CH—CH; +> CH;—CH=CH, + H,O 
Isopropyl alcohol Propylene 
CH; CH; 
Mcc M CH;—C—CH, + H,0 
en l Isobutylene 


tert -Butyl alcohol 


(ii) Oxidation: Oxidation of alcohols involves the formation of a carbon—oxygen double bond with the 
cleavage of an O—H and C—H bond. 


| 
Ho (0H —— >c—0 
Bond breaking 
1° alcohols on oxidation give aldehydes which on further oxidation give carboxylic acids with the 


same number of carbon atoms. 


R—CH,—OH + [OQ] ESLT Rp cHo —2 > R—cooH 
or alk. KMnO, l 
1° Alcohol -H,O Aldehyde Carboxylic acid 
CH;—CH=CH—CH,;—OH — > CH;—CH=CH—CHO 
But -2-enol But-2-enal 
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2° Alcohols are oxidised to ketones by CrO3. 


RN CrO RYS 
pocH—OH —>> >20 


2° Alcohol Ketone 


3° alcohols do not undergo oxidation reaction as they do not have a-hydrogens. However, when 
oxidation is carried under strong reaction conditions and elevated temperature, they undergo 
oxidation with the cleavage of C—C bond. 


CH; CH; 


| 
CH;—C—CHs a 3 CH,—C=CH, 


OH +[0] | —H,0,—co, 
3° Butyl alcohol 


+0] CH3\_ 


; — Al 
Ci COON o aT, me 


Acetic acid 


C=O 


Acetone 
(iii) Dehydrogenation 
Primary alcohols are dehydrogenated to aldehydes. 


R—CH,—OH —“—» R—CHO + H, 
573 K 
1° Alcohol Aldehyde 


Secondary alcohols are dehydrogenated to ketones. 


R R’ 
—>CH—OH —“4—» — >C—0 H, 
R 573 K R 

2° Alcohol Ketone 


Tertiary alcohols undergo dehydration to give alkenes. 


CH; CH; 
CH;—C—CH, Sa cH;—C—CH, + H,O 
573 
a Isobutylene 


tert-Butyl alcohol 


6. Preparation of Phenols: 
(i) From aryl halides 


— + 
Cl ONa OH 
623 K Hcl 
© + NaOH 300 atm © © 
Chlorobenzene Phenol 


(ii) From benzene sulphonic acid 
SO3H OH 


Oleum (i) NaOH 
——— — 
© O +O 


Phenol 


(iii) From diazonium salts 
+ — 
N,Cl 


NH, OH 
NaNO,/HCI1 H,O, warm 
—__—____» — 
273-278 K — HCI, - N, 


Aniline Phenol 
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7. Reactions of Phenol: 


— + 


ONa 


+Na 
- H, 


Sodium phenoxide 


— + 
OH ONa 
+NaOH a H, O 
Phenol OCOCH; 


CH3—COCI 
Pyridine 
(Acetylation) © + HCI 


Phenyl acetate 


OCOCH; 
+(CH;—CO),0/H* + CHCOOH 
(Acetylation) 3 
OCOC,H; 
NaOH + Cs6HsCOCI 
(Benzoylation) i S 
Phenyl benzoate 
NH, 
+NH3 
ZnCl, 675 K +t MO 
Aniline 
+7 ng 
(Reduction) a 
OH OH 
dil. HNO; nO 
Nitration y 
NO; 
OH 
conc. HNO3 ON NO), 
conc. H2SO4 
NO, 
Picric acid 
OH OH 
+Br> in CS) F a 
273 K (Bromination) 
Br 
(Major product) 
OH 
+ 3Br> (aq) Br Br + 3HBr 
Br 


2,4,.6-Tribromophenol 
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8. Ethers: Ethers are the compounds with general formula of C,H,,,,,O0 (same as monohydric alcohols). These 
are represented by general structure, R—O—R’. 


The groups R and R’ in ether may either be same or different. In case these groups are same, the compounds 
are known as simple ethers or symmetrical ethers. On the other hand, if R and R’ groups are different, the 
compounds are called mixed ether or unsymmetrical ethers. 

Nomenclature: According to IUPAC system, ethers are named as alkoxyalkanes. The larger alkyl group 
forms the part of parent chain while smaller alkyl group constitutes the alkoxy group. 


Table 11.1: Common and IUPAC Names of Some Ethers 


CH, 


Methyl isopropyl ether | 2-Methoxypropane 
y propy CH,—O—CH—CH, yprop 


CH, 
Methyl tert.-butyl ether as a a 2-Methoxy-2-methylpropane 


CH, 
O—CH, 
Anisole Methoxybenzene 
O—Gi 0 Ne 
Phenetole Ethoxybenzene 
CH; 


O—CH,—CH,—CH—CH, 
Phenyl isopentyl ether 3-Methyl-butoxybenzene 





HC CH, 
CH,—O—CH,—CH,—O—CH, i a 


1, 2-Dimethoxyethane 2-Ethoxy-1, 1-dimethylcyclohexane 


i | 
>—O—CH—CH,—CH; CH;—CH—CH—CH,—O—CH,—CH, 
2-Cyclopropoxybutane 
1-Ethoxy -2-iodo-3-phenylbutane 


9. Preparation of Ethers: 
(a) By dehydration of alcohols 


. H,SO 
2CH;—CH,—OH — > CH;—CH,—O—CH,—CH; + H,O 
(excess) Diethyl ether 


This method is suitable for the preparation of ethers having primary alkyl groups only. 
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(b) Williamson synthesis 


4 — 
R—X + Na—O—R’ ———~> R—O—R’ + Nax 


Alkyl halide Sodium alkoxide Ether 
— + 
ONa O—CH;, 
© + CH,—Cl => © + NaCl 
Sodium phenoxide Anisole 


10. Physical Properties: 
1. Physical state: The lower homologues of ethers are colourless, pleasant smelling, volatile liquids with 
a typical ‘ether’ smell. 


2. Boiling points: Ethers have much lower boiling points as compared to isomeric alcohols. Unlike 
alcohols, ether molecules are not associated by hydrogen bonds. The interparticle forces existing in 
their liquid states are weak dipole-dipole forces. 


3. Solubility: The solubility of ethers is comparable to those of corresponding alcohols. The solubility of 
ethers is due to the ability of their molecules to form hydrogen bond with water molecules. 


However, solubility of ethers in water decreases from lower members to higher members. This is because 
of the relative increase in the hydrocarbon portion of the molecule which decreases the tendency of 
H-bond formation. Ethers are appreciably soluble in organic solvents like alcohol, benzene, acetone, etc. 


11. Chemical Reactions: Ethers are relatively inert compounds in spite of the presence of oxygen atom carrying 
two lone pairs of electrons in their molecules. It is because of this reason that these are used as solvents. They 
undergo chemical reactions under specific conditions. Some of the reactions of ethers are being described as 
follows: 


(a) Cleavage of C—O bond: Carbon oxygen bond in ethers can be cleaved by the use of reagents like 
halogen acids, sulphuric acid and phosphorus pentachloride, etc. 


Cleavage with halogen acid: Ethers can be cleaved by the use of hydroiodic acid or hydrobromic acid 


to give alkyl halide and alcohol. 


R—O—-R + HX —“* ROH + RX (X=Br,)) 


Ether Alcohol Alkyl halide 
373K 
C,H, Q@@3HS TI ———— C,H,OH + C,H,I 
In case excess of HI is used, the alcohol formed reacts further with HI to form alkyl iodide. The overall 


reaction can be written as 
373K 
k PSOCH, + 2HI ——— 2C,H,I + H,O 
(Excess) 
If one group is methyl and other group is tertiary alkyl group, the main product is methyl alcohol and 
tertiary alkyl halide. It is because the departure of leaving group (CH;—OH) creates a more stable 


tertiary carbocation. 


CH; CH; 
CH;—C—OCH; m — =- cH;—C—1I + CLON 
ba, buy, Methyl alcohol 
tert-Butyl methyl ether tert-Butyl iodide 


In case of anisole, the products formed are phenol and methyl iodide. 


O—CH; OH 
2 | ee © + CHI 
Anisole Phenol Methyl iodide 
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The bond between O—CH, is weaker than the bond between O—C,H, because the carbon of phenyl 
group is sp” hybridised and there is a partial double bond character. Therefore, the attack of I" ion breaks 
O—CH; bond to form CH,I. 

(b) Ring substitution in aromatic ethers: The alkoxy group (—OR) attached to aromatic ring activates the 
ring towards electrophilic substitution and directs the = electrophile to ortho and para positions. 


SOR +OR SOR 
G—cy—s 8 -Q 
O 
I II 


The presence of negative charge at ortho and para positions indicates that electron density 1s more at 
these positions. Therefore, electrophile is likely to attack on these positions resulting in the formation of 
ortho and para substituted products. 


OCH, OCH; 
Br, in acetic acid Br 
(Bromuination) 
Br (Minor) 
p-Bromoanisole 
(Major) 


OCH, OCH; 


CH,Cl/anhyd. AICl,, CS, 
(Friedel craft alkylation) 


Q 

= Or 
+ 
Q 
= 





(Minor) 
O—CH; p-Methoxytoluene 
(Major) 
r OCH; OCH; 
| 
Anisole CH,— C— Cl/anhyd. AICI, p COCH, 
(Friedel craft acylation) 
Minor 
COCH; aa 
p-Methoxy acetophenone 
(Major) 
OCH, OCH, 
HNO, (conc.)/H,SO, (conc.) NO, 
+ 
Nitration 
(Minor) 
NO, 
p-Nitroanisole 
(Major) 


12. Some Important Name Reactions 


(i) Kolbe’s reaction: When sodium phenoxide is heated with CO, at 400 K under a pressure of 4 —7 atm, 
the “ae gi on acidification see salicylic acid. 


OH 


400 K COON COOH 
NaOH y slam y 7atm. _H 
+ “+CO, 
Sodium Sodium Salicylic acid 
phenoxide salicylate (2-Hydroxybenzoic acid) 


Major product 


Salicylic acid is the starting material for the manufacture of 2-acetoxybenzoic acid (aspirin). 
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OH OCOCH 


COOH conc. H,SO, COOH 
+ (CH,;CO),0. ——————> + CHCOOH 


Acetic acid 


Salicylic Acetic anhydride 2-Acetoxy 
acid benzoic acid 
(Aspirin) 


(ii) Reimer—Tiemann reaction: Treatment of phenol with chloroform in the presence of aqueous alkali at 
340 K followed by hydrolysis of resulting product gives o-hydroxybenzaldehyde (salicylaldehyde) as a 


major product. 


OH ONa ONa OH 
© CHCI, + (aq) NaOH Of CHC], on Of CHO HO" Of CHO 
— ——— 
340K ——_ 
Salicylaldehyde 


(2-Hydroxybenzaldehyde) 


(iii) Oxymercuration and demercuration of alkenes: Alkenes react with mercuric.acetate in a mixture of 
tetrahydrofuran and water to give hydroxy mercurial compound, involving addition of —OH and — 
HgOAc to the double bond. This is called oxymercuration. Then NaBH, reduces —HgOAc and replaces 
with hydrogen. This is called demercuration. 


Hg(OA NaBH 
CH;—CH,—CH=CH, 2» CH;—CH)—CH—CH, =» CH, CH, -CH—CH; 
> 4119 | 


Butene OH H gO A c OH 
sec-Butyl alcohol 
(iv) Fries rearrangement: Phenyl esters on heating with anhydrous AlCl, in the presence of CS, as 
solvent undergo rearrangement to give ortho and para hydroxyketones. This rearrangement is known as 
Fries rearrangement. 


OCOCH, OH OH 
7 oy 
ssi T 
AICl, 
Phenyl o-Hydroxy 
acetate COCH, acetophenone 
p-Hydroxy 
acetophenone 


The reaction involves migration of acyl group from phenolic oxygen to the ortho or para position of the 


aromatic ring. 
(v) Williamson synthesis: It consists of reacting an alkyl halide with sodium alkoxide or sodium phenoxide 


to form ether. 


+ _ 
R—X + Na—O—R’ ——~> R—O—R’ + Nax 
Alkyl halide Sodium alkoxide Ether 


It is a convenient method for the preparation of symmetrical as well as unsymmetrical ethers. 


4: = 
CH,—CH,—I + Na—O—CH,—CH, ——» CH,—CH,—O—CH,—CH, + Nal 


Ethyl iodide Sodium alkoxide Diethyl ether 
(Symmetrical ether) 
CHs (3 
+ — 
CH3;—Br + NaO—C—CH, — CH;—O—ÇC—CH; + NaBr 
Methyl = | 
bromide 3 CH3 
Sodium tert-butoxide Methyl tert -butyl ether 
(Unsymmetrical ether) 
— + 
ONa OCH, 
CH,—I + © — © + Nal 
Sodium phenoxide Anisole 
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MULTIPLE CHOICE QUESTIONS 


Choose and write the correct option in the following questions. 


l. 


10. 


Which of the s compounds is aromatic alcohol? [NCERT Exemplar] 
CHOH CHOH 


ò O Oa Oan 


(a) A, B, C, D (b) A, D (c) B,C (d) A 
How many alcohols with molecular formula C,H, 9O are chiral in nature? [NCERT Exemplar] 
(a) 1 (b) 2 (c) 3 (d) 4 
IUPAC name of m-cresol is ; [NCERT Exemplar] 


(a) 3-methylphenol (b) 3-chlorophenol (c) 3-methoxyphenol (d) benzene-1, 3-diol 
IUPAC name of the compound CH, — CH —OCH, is 
| 


[NCERT Exemplar] 
CH3 


(a) l-methoxy-l-methylethane (b) 2-methoxy-2-methylethane 
(c) 2-methoxypropane (d) isopropylmethyl ether 
The C—O bond length in phenol is less than that in methanol due to 

(a) partial double bond character in aromatic ring 

(b) sp? hybridised carbon 

(c) sp? hybridised carbon 

(d) both (a) and (b) 


The order of reactivity of the alkenes, (2) (CH;),C—CH, , (ii) CH; CH—CH, , 


(iii) CH,—CH,, when subjected to acid catalysed hydration is: 
(a) (i) > (iii) > (a) (b) (i) > (a) > (it) (c) (a) > (i) > (az) (d) (wi) > (ti) > (2) 


Which of the following species can act as the strongest base? [NCERT Exemplar] 
(a) ©OH (b) SOR (c) ©OC,H, (d) R 

Os 
Phenol is less acidic than ‘ [NCERT Exemplar] 
(a) ethanol (b) o-nitrophenol (c) o-methylphenol (d) o-methoxyphenol 
Which is the correct order of acid strength of the following? 
(a) CseH;OH > HO > ROH > HC=CH (b) CsH;OH > ROH > H,O > HC=CH 
(c) CseH;OH > HC=CH > H,O > ROH (d) CsH;OH > HO > HC=CH > ROH 


Mark the correct order of decreasing acid strength of the following compounds. 


[NCERT Exemplar] 
Ò È A Qe Ò 


OCH, 
(i) M (iii) (iv) (v) 


(a) (v) > (iv) > (a) > (i) > (uz) (b) (w) > (iv) > (0) > (it) > (v) 
(c) (iv) > (v) > (ii) > (ü) > (2) (d) (v) > (iv) > (ii) > (u) > (2) 
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11. 


12. 


13. 


14. 


15. 


16. 


I7- 


18. 


19. 


20. 


21. 


In the reaction given below, X is: 

Neopentyl alcohol a. X 
(a) 2-methylpent-2-ene (b) 2-methylpentane (c) 2-methylbut-2-ene (d) neopentane 
Tertiary alcohols on reaction with KMnO, at elevated temperature form 
(a) aldehyde 
(b) ketone 


(c) mixture of carboxylic acids containing lesser number of carbon atoms 


(d) mixture of carboxylic acids containing more number of carbon atoms 


What is the correct order of reactivity of alcohols in the following reaction? 
ZnCl, 


R—OH + HCl R—Cl + H,O [NCERT Exemplar] 
(a) 1° > 2° > 3° (b) 1° < 2° > 3° (e) 3 2 > 1” (d) 3° dbe. 
The compound that reacts fastest with Lucas reagent at room temperature is 
(a) butan-l-ol (b) butan-2-ol 
(c) 2 methylpropan-1-ol (d) 2-methylpropan-2-ol 
CH,CH,OH can be converted into CH,CHO by ___ ; [NCERT Exemplar] 
(a) catalytic hydrogenation (b) treatment with LiAIH, 


(c) treatment with pyridinium chlorochromate (d) treatment with KMnO, 
An alcohol on oxidation is found to give CH,COOH and CH,CH,COOH. The structure of the 


alcohol is: 


(a) CH;CH,»CH,»OH (b) (CHs)o>C(OH)CH,.—CHs 
(c) CH;(CHə) CHOH (d) CHs;CH(OH)CH,.CH.CHs 
Which of the following compounds will react with sodium hydroxide solution in water? 
[NCERT Exemplar] 
(a) CseH;OH (b) C;H;CH,OH (c) (CH5), COH (d) C,H;0H 
OH ONa 


A CHCl, + NaOH cy CHO 
ee 


The electrophile involved in the above reaction is: 


(a) “CHO (b) “CHCl, (c) CCl, (d) :CCl, 
Monochlorination of toluene in sunlight followed by hydrolysis with aq. NaOH yields. 
[NCERT Exemplar] 
(a) o-Cresol (b) m-Cresol 
(c) 2, 4-Dihydroxytoluene (d) Benzyl alcohol 
Which of the following compounds is oxidised to methyl ethyl ketone? 
(a) 2-Propanol (b) 1-Butanol (c) 2-Butanol (d) tert. Butyl alcohol 
CH, 
The reaction of a i with NaOCH, forms the product, 
CH, 
CH, CH; 
(a) a i (>) CH,—C—=CH, (c) CH;—C—ONa (d) A EE, 
CH, CH; CH; CH; 
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22. ‘Treatment of phenol with Br,/H,O yields 


(a) o-bromophenol (b) m—bromophenol 

(c) 2,4,6-tribromophenol (d) p-bromophenol 
23. Picric acid is 

(a) trinitrotoluene (b) o-nitrophenol 

(c) 2,4,6—-trinitrophenol (d) phenol 
24. Phenol on distillation with Zn dust produces 

(a) zinc phenoxide (b) benzene (c) o-chlorophenol (d) benzylalcohol 
25. Which of the following is a ring activating group? 

(a) —NO, (b) —COOH (c) —CHO (d) —OH 
26. The reaction between phenol, chloroform and aq. alkali solution is called as 

(a) Claisen reaction (b) Wurtz reaction 

(c) Reimer-Tiemann reaction (d) Cannizzaro’s reaction 
27. is called as carbolic acid. 

(a) CseH;—COOH (b) CsH;—CHO (c) CsH;—OH (d) HCO; 


28. Benzyl alcohol and phenol can be distinguished by 
(a) Lucas reagent (b) FeCl, (c) PCI, (d) Na—metal 


29. Identify the product ‘C’. 


NH, 
NaNO, HO CCL 
HCI KOH 


(a) Salicylaldehyde (b) Salicylic acid (c) Phenol (d) Benzoic acid 
30. Which one is the general formula of monohydric alcohol? 

(a) CrHonOH (b) C,4)H»,OH (c) C,H», +9OH (d) C,H, 4,0H 
31. Which of the following compounds is/are primary alcohol? 

(a) SCHOH (b) AS (c) —CH,OH (d) s0 con 


32. The characteristic group of secondary alcohol is 


| OH 
(a) —CH,OH (b) X CHOH (c) ms (d) POR as 


33. Ethane 1, 2-diol is an example of 
(a) monohydric alcohol(b) trihydric alcohol (c) secondary alcohol (d) dihydric alcohol 
34. Butan-2-ol is a 
(a) a primary alcohol (b) a secondary alcohol (c) a tertiary alcohol (d) an aldehyde 
35. Which one is primary alcohol? 
(a) Butan-2-ol (b) Butan-1-ol 
(c) Propan-2-ol (d) 2, 3-Dimethyl hexan-4-ol 
36. Alcohols are soluble in water because 
(a) alcohol forms ionic bond with water. 
(b) alcohol forms hydrogen bond with water. 
(c) alcohol forms covalent bond with water. 
(d) alcohol forms interstitial compound with water. 
37. When a mixture of methyl alcohol and air is passed through a heated tube containing iron 


powder and molybdenum oxide, which one of these is formed? 


(a) CO (b) COs (c) HCHO (d) CH,CHO 
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38. 


39. 


40. 


41. 


42. 


43. 


44. 


45. 


46. 


47. 


48. 


49. 


50. 


51. 


52. 


53. 


Glycerol on warming with a small amount of HI, gets converted into 


(a) CHCH = CH» (b) CH,CHICHs (c) CHoI—CHICH,I (d) CH, == CHCHol 
Which of these when passed over heated Cu at 573 K forms an alkene? 

(a) An alkane (b) An alkyne (c) Secondary alcohol (d) Tertiary alcohol 
Phenol on heating with chloroform and conc. KOH gives 

(a) salicylic acid (b) salicylaldehyde (c) benzaldehyde (d) chlorobenzene 
Ethanol on heating with conc. H,SO, at 445 K gives 

(a) CoH;HSO,4 (b) CoH50C-H; (c) CHy = CHo (d) (CoH5)oSO4 
Which of the following reagents cannot be used to distinguish phenol from ethanol? 

(a) FeCl, (b) NaOH (c) Na (d) Bro/H,O 


The reaction of CH?:—CH2 with RMgX leads to the formation of 


O 
(a) RCHOHR (b) RCHOHCH,s (c) RCHCH OH (d) RCH,CH,OH 
Which one of the following compounds will be most readily attacked by an electrophile? 
(a) Chlorobenzene (b) Benzene (c) Phenol (d) Toluene 
Aspirin is an acetylation product of 
(a) p-Dihydroxybenzene (b) o-Hydroxybenzoic acid 
(c) o-Dihydroxybenzoic acid (d) m-Hydroxybenzoic acid 
Ethers have a net dipole moment because 
(a) C—C bonds are polar in ether. (b) C—C bonds are non-polar in ether. 
(c) C—O bonds are polar in ether. (d) C—O bonds are non-polar in ether. 


The ionization constant of phenol is higher than ethanol because 
(a) phenoxide ion is stronger base than ethoxide ion. 

(b) phenoxide ion is stabilized through delocalization. 

(c) phenoxide ion is less stable than ethoxide ion. 


(d) phenoxide ion is bulkier than ethoxide ion. 


The most suitable method of separation of a mixture of ortho and para nitrophenols mixed in 


1: 1 ratio is 
(a) steam distillation (b) crystallization (c) vapourization (d) colour spectrum 


The compound obtained by the reaction of ethene with diborane followed by hydrolysis by 


alkaline hydrogen peroxide is 


(a) ethanol (b) propanol (c) ethanal (d) triethyl boride 
Which of the following is most acidic? 

(a) Phenol (b) Benzyl alcohol (c) o-chlorophenol (d) cyclohexanol 
Which of the following is most suitable method for removing traces of water from ethanol? 
(a) Heating with Na metal. (b) Passing dry HCl gas through it. 

(c) By distilling. (d) Reacting with Mg. 

Which of the following will not be soluble in sodium bicarbonate? 

(a) 2, 4, 6-trinitrophenol (b) Benzoic acid 

(c) o-Nitrophenol (d) Benzene sulphonic acid 


An organic compound (X) on treatment with acidified K,Cr,O, gives a compound (Y) which 


reacts with I, and sodium carbonate to form triiodomethane. The compound (X) is 


(a) CHOH (b) CH,COCH, (c) CHCHO (d) CH;CH(OH)CH, 
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54. In the following compound 


ae OH an OH 
© © on © 
CH, NO, 

(I) (1) (111) (Iv) 


The order of acidity is 
(a) II > IV>I> H (®) IS>IV>SIN>SI ()H>I>II>IV (d) IV >IH>I>I 


55. Electrophilic substitution in phenol generally occurs at 


(a) para position (b) o and p-positions (c) m-position (d) ortho position 
56. Which of the following will give yellow precipitate with I, and NaOH? 

(a) CH;CH,COCH,CHs (b) CH;COOCOCH, 

(c) CH;CONH, (d) CH,CH(OH)CH.CH, 


57. The reaction of CH,CH = c{C))—on with HBr gives 
(a) CH;CHBr — ci-{())—o1 (b) Gien cHe—(()Y—on 
(c) cH,cHBcH—( (O) )— (d) cHon,cHB—( (C) )—: 


58. Among the following compounds, strongest acid is 


(a) HC = CH (b) CoH¢ (c) C,H, (d) CHOH 
59. Diethyl ether on heating with HI gives two moles of 
(a) ethanol (b) iodoform (c) ethyl iodide (d) methyl iodide 


60. Diethyl ether and ethanol are isomeric but ether boils at a much lower temperature because 
(a) density of ether is less than that of alcohol. (b) alcohol mixes with water but ether does not. 


(c) there is lack of hydrogen bonding in ether. (d) there are two methyl groups in ether. 


61. Williamson’s synthesis is used to prepare 


(a) alcohols (b) ethers (c) aldehydes (d) amines 
62. Preparation of ethers by reacting sodium alkoxide with alkyl halide is called 

(a) Kolbe’s synthesis (b) Willamson’s synthesis 

(c) Wurtz reaction (d) Cannizzaro’s reaction 


63. Formation of diethyl ether from ethanol in presence of H,SO, is based on 
(a) dehydrogenation reaction (b) hydrogenation reaction 
(c) dehydration reaction (d) heterolytic fission reaction 


64. An example of a compound having functional group(—O—) is 
(a) acetone (b) acetic acid (c) methyl alcohol (d) diethyl ether 


C,H;0" 
i j 
ma (O)-0ne P gii Anhyd. C?H;OH A 


A in the equation is : 


(a) (O}= (b) CsH50—C6H; (c) C,H;—O—C,H; (d) C6H;l 
C-H; 
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66. 


67. 


68. 


69. 


70. 


71. 


72. 


73. 


74. 


15. 


76. 


Ths 


78. 


79. 


80. 


N CH; H* Bro 
— Zf ~ C4HgBro 
- HO CCl, 


H3C OH 
The number of structures of Z possible here is 
(a) 2 (b) 3 (c) 5 (d) 6 


Identify the correct order of boiling points of the following compounds? 


a es ee ee ee ee 
(a) 1>2>3 (b) 3>1>2 (c) 1 >3>2 (d)3>2>1 
Propan-1-ol and propan-2-ol can be best distinguished by: 
(a) Oxidation with alkaline KMnO; followed by reaction with Fehling solution. 
(b) Oxidation with acidic dichromate followed by reaction with Fehling solution. 
(c) Oxidation by heating with Cu followed by reaction with Fehling solution. 
(d) Oxidation with concentrated H,SO, followed by reaction with Fehling solution. 
The IUPAC name of C,H;—O—C,H,; is 
(a) ethoxy benzene (b) 1-phenyl ethane (c) 1-phenoxy ethane (d) 2-ethoxy butane 


Primary, secondary and tertiary alcohols is distinguished by 


(a) Oxidation method (b) Lucas reagent method 

(c) Primary alcohol and Acid (d) Carboxylic acid 

Which of the following compounds is optically active? 

(a) butan-1-ol (b) butan-2-ol (c) propan-l-ol (d) propan-2-ol 
Lucas test is used to distinguish 

(a) Alcohols (b) Alkyl halide (c) Amines (d) Carbonyl compound 
A 1% solution of Phenol is a/an 

(a) antiseptic (b) disinfectant (c) anti malarial drug (d) anti-histamine 
Acid catalysed hydration of alkene is an example of 

(a) free radical substitution (b) nucleophilic substitution 

(c) nucleophilic addition (d) electrophilic addition 


The most suitable reagent for the conversion of primary alcohol to aldehyde is 
(a) PCC (b) KCrO; (c) KMnO, (d) CrO; 
Strongest acid among the following is 

(a) o-methoxyphenol (b) p-methoxyphenol (c) m-methoxyphenol (d) phenol 
Phenol when first treated with concentrated sulphuric acid and then with concentrated nitric 
acid, gives 

(a) nitrobenzene (b) 2,4,6-trinitrophenol (c) o-nitrophenol (d) p-nitrophenol 
Which of the following ethers is not cleaved by HI 

(a) Dicyclohexyl ether (b) Phenetol (c) Di-tert-butyl ether (d) Diphenyl ether 


The reaction can be classified as 


C)—on oni, [—0—Me 


(a) Dehydration reaction (b) Williamson alcohol synthesis reaction 
(c) Wilhamson ether synthesis reaction (d) Alcohol formation reaction 

Ethanol is converted into ethoxy ethane 

(a) by heating excess of ethanol with conc. HSO, at 140°C. 

(b) by heating Ethanol with excess of conc. HSO; at 443 K. 

(c) by treating with conc. HSO; at room temperature. 

(d) by treating with conc. H,SO, at 273 K. 
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81. 


82. 


83. 


84. 


85. 


86. 


87. 


88. 


89. 


90. 


91. 


92. 


Isopropyl methyl ether when treated with cold hydrogen iodide gives 


(a) isopropyl iodide and methyl iodide (b) isopropyl alcohol and methyl iodide 
(c) isopropyl alcohol and methyl alcohol (d) isopropyl iodide and methyl alcohol 
Which one of the following can be oxidised to the corresponding carbonyl compound? 
(a) o-Nitrophenol (b) Phenol 

(c) 2-methyl-2-hydroxypropane (d) 2-hydroxypropane 

The reaction which involves dichlorocarbene as an electrophile is 

(a) Reimer—Tiemann reaction (b) Kolbe’s reaction 

(c) Friedel—Craft’s acylation (d) Fittig’s reaction 


Which among the following phenolic compounds is most acidic in nature? 


(a) p-aminophenol (b) phenol (c) m-nitrophenol (d) p-nitrophenol 


In the reaction 





CH,COOH —“““*— CH,CH,OH = B 4c KOH_. ¢ 
The products B and C respectively are 
(a) Ethyl chloride; Ethene (b) Acetyl chloride; Ethane 
(c) Ethyl chloride; Acetaldehyde (d) Ethanoyl chloride; Acetaldehyde 
The reaction 
CH; CH; 
| = -NaCl 
CH,;—C—ONa + CH;CH,Cl —— CH,—C—O—CH,CH; 
| i A | i 
CH; CH, 
is called 
(a) Williamson synthesis (b) Williamson continuous etherification process 
(c) Etard reaction (d) Gatternman-Koch reaction 


During dehydration of alcohols to alkenes by heating with conc. H,SO, the initiation step is 


(a) formation of carbocation. (b) elimination of water. 

(c) formation of an ester. (d) protonation of an alcohol molecule. 
The catalyst which is used in commercial method of preparation of phenol is 

(a) Silica (b) Calcium phosphate 

(c) Anhydrous aluminium chloride (d) Cobalt naphthenate 


Arrange the following compounds in the increasing order of their acidic strength: 
1. m-nitrophenol 

ii. m-cresol 

iii. phenol 


iv. o-chlorophenol 


(a) i < u <i < iv (b) ü < iv < m< (c)u<m<w<t (d) ii < i < i < tu 
Among the following sets of reactants which one produces anisole? 

(a) CH,CHO; RMgX (b) C,H;OH; NaOH; CH,Br 

(c) CseH;OH; neutral FeCl, (d) CseHs;—CHs; CH,COC]; AICI, 


Select the ether among following that yields methanol as one of the products on reaction with 


cold hydroiodic acid 


(a) 1-Methoxybutane (b) 1-Methoxy-2-methylpropane 
(c) 2-Methoxy-2-methylpropane (d) Methoxybenzene 

Iodoform can be prepared from all except: 

(a) Ethyl methyl ketone (b) Isopropyl alcohol 

(c) 3-Methyl-butan-2-one (d) Isobutyl alcohol 
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Fs 


94. 


95. 


96. 


97. 


98. 


99, 


100. 


101. 


102. 


103. 


104. 


105. 


106. 


Which of the following compounds has highest boiling point? 

(a) Propan-l-ol (b) n-Butane (c) Chloroethane (d) Propanal 

A liquid was mixed with ethanol and a drop of concentrated H,SO, was added. A compound 
with a fruity smell was formed. The liquid was 

(a) HCHO (b) CH,COCH, (c) CHCOOH (d) CHOH 

Which of the following will not form a yellow precipitate on heating with an alkaline solution of 
iodine? 


(a) CHCHoCH(OH)CHs (b) CHOH 
(c) CH,CH,OH (d) CH,CH(OH)CH, 
CH, 
| . 
CH,— CH —C—H + CH,MgBr —~“— A —2°— p 
O 
The IUPAC name of B is 
(a) Pentan-2-ol (b) 2-methylbutan-2-ol 
(c) 2-methylbutan-3-ol (d) 3-methylbutan-2-ol 


The molecular formula of ether is 

(a) Cp Hon O (b) C,, Hon+10 (c) C,, Hont 20 (d) Cr Hop O Ca Hoy 

When Phenyl Magnesium Bromide reacts with tert. butanol, which of the following compound 
is formed? 

(a) Tert. butyl methyl ether (b) Benzene 

(c) Tert. butyl benzene (d) Phenol 

Which of the following compounds when heated with CO at 150°C and 500 atm pressure in 
presence of BF, forms ethyl propionate? 


(a) CoH;OH (b) CHOCH, (c) CoH;OC-H; (d) CH,OC,H,; 
Which of the following conditions are used for the conversion of ethanol to ethylene? 
(a) dil. HoSO, / 100°C (b) dil. H,SO,/ 140°C 
(c) Conc. H,SO, / 70°C (d) Conc. HSO, / 170°C 
The product of the following reaction is 
OH 

i) NagCr9O 

2 o Product 
(a) Benzene (b) Benzoquinone (c) Picric acid (d) Salicylaldehyde 
Which of the following is Lucas reagent? 
(a) ZnCl,/conc. HCl (b) Bro/CCl, 
(c) Ammoniacal silver nitrate (d) Cold alkaline KMnO, 
Which of the following reacts with ethanol to form chloroform? 
(a) HCl (b) PCl, (c) SOCI, (d) CaOCl,/H O 


Which of the following reagents may be used to distinguish between phenol and benzoic acid? 
(a) Neutral FeCl, (b) Aqueous NaOH (c) Tollen’s reagent (d) Molisch reagent 
Which one of the following compounds converts methyl magnesium Iodide to methane in one 
step? 

(a) C,H, (b) C,H;Cl (c) C,H,OC,H; (d) C,H;OH 

Two aromatic compounds having formula C,H,O which are easily identifiable by FeCl, solution 
test(violet colouration) are 

(a) o-cresol and benzyl alcohol (b) m-cresol and p-cresol 


(c) o-cresol and p-cresol (d) methyl phenyl ether and benzyl alcohol 
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107. 


108. 


109. 


110. 


111. 


112. 


113. 


114. 


115. 


116. 


117. 


118. 


119. 


120. 


The conversion of m-nitrophenol to resorcinol involves respectively 

(a) diazotization, reduction and hydrolysis (b) hydrolysis, diazotization and reduction 

(c) reduction, diazotization and hydrolysis (d) hydrolysis, reduction and diazotization 
An ether is more volatile than an alcohol having the same molecular formula. This is due to 
(a) dipolar character of ethers. 

(b) alcohols having resonance structures. 

(c) inter-molecular hydrogen bonding in ethers. 

(d) inter-molecular hydrogen bonding in alcohols. 

The enzymes which are used to convert starch into ethyl alcohol are 

(a) maltase, diastase (b) diastase, maltase, zymase 

(c) invertase, zymase (d) invertase, diastase, maltase 

When benzenesulphonic acid and p-nitrophenol are treated with NaHCQs, the gases released 
respectively are 

(a) SO», NO, (b) SO., NO (c) SOs, CO, (d) COs, COs 


When compound X is oxidised by acidified potassium dichromate, compound Y is formed. 
Compound Y on reduction with LiAIH, gives X.(X) and(Y) respectively are 


(a) C,H;OH, CHCOOH (b) CH;COCH;, CHCOOH 

(c) C,H,OH, CH,COCH, (d) CH,GHO, CH,COCH, 

n-propyl alcohol and isopropyl alcohol can be chemically distinguished by which reagent: 
(a) PCI; (b) Reduction 

(c) Oxidation with potassium dichromate (d) Ozonolysis 

RCH,CH,OH can be converted to RCH,CH,COOH by the following sequence of steps 

(a) KNC, H,O0* (b) PBrs, KNC, H./P* (c) PBrs, KCN, HO* (d) HCN, PBrs;, HO* 


The compound on dehydrogenation gives a ketone. The original compound is 

(a) tertiary alcohol (b) secondary alcohol (c) primary alcohol (d) carboxylic acid 
The best method to prepare cyclohexene from cyclohexanol is by using 

(a) HBr (b) conc. H,PO, (c) conc. HCl + ZnCl, (d) conc. HCl 


Phenol is heated with a solution of mixture of KBr and KBrO,. The major product obtained in the 
above reaction is: 


(a) 2, 4, 6-tribromophenol (b) 2-bromophenol 

(c) 3-bromophenol (d) 4-bromophenol 

Phenol on reaction with CCI, in presence of alkali at 340 K produces 

(a) salicylic acid (b) salicylaldehyde (c) o-chlorophenol (d) p—chlorophenol 
CH, 

The correct IUPAC name of cH, CCH, cH, CH, [CBSE 2020 (56/2/1)| 
OH 

(a) tert-butyl alcohol (b) 2, 2-Dimethylpropanol 

(c) 2-Methylpentan-2-ol (d) 3-Methylbutan-3-ol 

In CH,—CH,—OH, the bond that undergoes heterolytic cleavage most readily is 

(a) C—C (b) C—O (c) C—H (d) O—H 


An alcohol on oxidation is found to give CH, COOH and CH,CH,COOH. The structure of the 
alcohol is 

(a) CH;CH,CH,OH (b) (CHs)9C(OH)CH,—CHs 

(c) CH;(CHə) CHOH (d) CH,;CHOHCH,CH.CH, 
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121. Which of the following enzymes converts glucose into ethyl alcohol? 
(a) Diastase (b) Invertase (c) Maltase (d) Zymase 
122. Increasing order of acid strength among p-methoxyphenol, p-methylphenol, and p-nitrophenol 
is 
(a) p-nitrophenol, p-methoxyphenol, p-methylphenol 
(b) p-methylphenol, p-methoxyphenol, p-nitrophenol 
(c) p-nitrophenol, p-methylphenol, p-methoxyphenol 
(d) p-methoxyphenol, p-methylphenol, p-nitrophenol. 


123. Propan-1l-ol may be prepared by the reaction of propene with 


(a) HBOs (b) (BHs) / NaOH — HO» 
(c) HSO, / H,O (d) CH;—C—OH 
1 
124. The correct order of boiling points of for primary(1°), secondary(2°) and tertiary(3°) alcohol is 
QL a2S3° (b) 3° > 2° > 1° (oo Se >s fae W> 3° > 1° 
125. For the reaction of phenol with CHCI, in presence of KOH, the electrophile is 
(a) CHCI, (b) $CClo (c) *CHCl, (d) None of these 


126. The number of optically active stereoisomers are possible for butan-2, 3-diol is 


(a 3 (d) 4 


)1 (b) 2 (c) 
127. The ether (Ooa LO) when treated with HI produces : 
(a) (Oona (b) (Onton (c) (Om (d) (O) 


Answers 
1. (c) 2. (a) 3. (a) 4. (c) 5. (d) 6. (d) 7. (b) 8. (b) 
9. (a) 10. (b) 11. (c) 12. (c) 13. (c) 14. (d) 15. (c) 16. (d) 
17. (a) 18. (d) 19. (d) 20. (c) 21. (b) 22. (c) 23. (c) 24. (b) 
25. (d) 26. (c) 27. (c) 28. (b) 29. (b) 30. (d) 31. (c) 32. (b) 
33. (d) 34. (b) 35. (b) 36. (b) 37. (c) 38. (d) 39. (d) 40. (b) 
41. (c) 42. (c) 43. (d) 44. (c) 45. (b) 46. (c) 47. (b) 48. (a) 
49. (a) 50. (c) 51. (d) 52. (c) 53. (d) 54. (d) 55. (b) 56. (d) 
57. (b) 58. (d) 59. (c) 60. (c) 61. (b) 62. (b) 63. (c) 64. (d) 
65. (a) 66. (b) 67. (b) 68. (a) 69. (a) 70. (b) 71. (b) 72. (a) 
73. (b) 74. (d) 75. (a) 76. (c) 77. (b) 78. (d) 79. (c) 80. (a) 
81. (b) 82. (d) 83. (a) 84. (d) 85. (a) 86. (a) 87. (d) 88. (d) 
89. (c) 90. (b) 91. (c) 92. (d) 93. (a) 94. (c) 95. (b) 96. (d) 
97. (c) 98. (b) 99. (c) 100. (d) 101. (b) 102. (a) 103. (d) 104. (a) 
105. (d) 106. (a) 107. (c) 108. (d) 109. (b) 110. (d) 111. (a) 112. (c) 
113. (c) 114. (b) 115. (b) 116. (a) 117. (a) 118. (c) 119. (d) 120. (d) 
121. (d) 122. (d) 123. (b) 124. (a) 125. (b) 126. (b) 127. (a) 
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CASE-BASED QUESTIONS 





1. 


Read the passage given below and answer the following questions: 

Nitration of phenols is an important process, because nitrophenols are important intermediates 
for the manufacture of drugs and pharmaceuticals. But phenols are highly reactive; therefore 
the nitration of phenols using the classical method of nitric acid in sulphuric acid generally 
gives complex mixtures containing o-and p-nitrophenols, dinitrated phenols and unextractable 
tars of phenolic oxidation products. Regioselective nitration of phenol to furnish ortho and 
para-nitrophenol as special cases has been studied by various nitrating agents under different 
conditions. However, some of the nitrating reagents are poorly regioselective and uneconomical. 
On the other hand, considering these concerns, there is still a good scope for research towards 
finding mild reagents for regioselective nitration of phenols. 


Recently, the use of catalysts and reagents supported on solid supports and solvent-free conditions 
was developed because such reagents not only simplify the purification processes but also help 
to prevent the releasing of toxic reaction residues such as excess acid or the corresponding 
salt of acid into the environment. Regioselective nitration of phenols using Sr(NOgs). or 
benzyltriphenylphosphonium nitrate in the presence of HoSO,-silica had been realized under 
solvent free conditions. The reaction proceeds through the formation of nitronium ion, which 
attack the phenol ring preferential at ortho position in presence of Sr(NO3)o, forming mono- 
nitrophenol. Para-orientation relative to hydroxyl group and mononitration of phenolic compounds 
was observed in the case of benzyltriphenylphosphonium nitrate. Some of the major advantages 
of this method are mild reaction conditions, high efficiency and regioselectivity of nitration and 
complementarity with other reported methods. In addition, benzyltriphenylphosphonium nitrate 
as nitrating reagent can be easily recycled. 


OH 
H,SO,Silica/Sr(NOs)p NO: 
B. Z J b free 
NO» 
85% 8% 


Regioselective nitration of phenol by Sr(NO3), 
(Reference: School of Chemistry, Damghan University, Damgham—lIran) 


The following questions are multiple choice questions. Choose the most appropriate answer: 
(i) Phenols undergo nitration in concentrated nitric acid to produce 
(a2) dinitrophenol (b) nitrophenol (c) tetranitrophenol (d) trinitrophenol 


(ii) Identify the products formed in the given reaction 


Q + HNO, (dil.) ———> 


OH OH 
NO, NO: 
a) F 
NO» 


OH 


NOs 


OH 


(c) OL + H,O (d) 
NO, 
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OR 
Which of the following statements is correct about nitration of phenol? 
(a) HNO; is an electrophile. 
(b) HNO, is a nucleophile. 
(c) Benzene ring is an electrophile. 
(d) HNO; and Benzene ring both are electrophile. 
(iii) Phenol can be easily nitrated because of 
(a) presence of OH group that increases electron density on o and p-position. 
(b) presence of OH group that decreases electron density on o and p-position. 
(c) presence of OH group that increases electron density on m-position. 
(d) HNO, is strongest oxidising agent. 
(iv) In nitration of phenol by dil. HNOsg, o-nitrophenol is steam volatile because 
(a) it possess intramolecular hydrogen bonding. 
(b) it possess intermolecular hydrogen bonding. 
(c) p-nitrophenol is more stable than o-nitrophenol. 
(d) none of the above is correct statement. 


Answers 
(i) (d) (ii) (b) (iii) (a) (tv) (a) 


2. Read the passage given below and answer the following questions: 
An efficient, aerobic catalytic system for the transformation of alcohols into carbonyl compounds 
under mild conditions, copper-based catalyst has been discovered. This copper-based catalytic 
system utilizes oxygen or air as the ultimate, stoichiometric oxidant, producing water as the only 


by-product 
R 5% CuCl; 5% Phen; 
hs 2 equiv. K,CO,; Rj N 
R, 0H 5% DBADH,; O,: =O 
o a" J 
H 1 Toluene; 70° to 90°C R3 3 


A wide range of primary, secondary, allylic, and benzylic alcohols can be smoothly oxidized to 
the corresponding aldehydes or ketones in good to excellent yields. Air can be conveniently used 
instead of oxygen without affecting the efficiency of the process. However, the use of air requires 
slightly longer reaction times. 
This process is not only economically viable and applicable to large-scale reactions, but it is also 
environmentally friendly. 
(Reference: Ohkuma, T., Ooka, H., Ikariya, T, © Noyori, R. (1995). Preferential hydrogenation of aldehydes and 
ketones. Journal of the American Chemical Society, 117(41), 10417-10418.) 
The following questions are multiple choice questions. Choose the most appropriate answer: 
(i) The Copper based catalyst mention in the study above can be used to convert: 

(a) propanol to propanonic acid (b) propanone to propanoic acid 

(c) propanone to propan-2-ol (d) propan-2-ol to propanone 
(ii) The carbonyl compound formed when ethanol gets oxidised using this copper-based 


catalyst can also be obtained by ozonolysis of: 
(a) But-l-ene (b) But-2-ene (c) Ethene (d) Pent-l-ene 
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(iii) Benzyl alcohol on treatment with this copper-based catalyst gives a compound ‘A’ which 


on reaction with KOH gives compounds ‘B’ and ‘C’. Compound ‘B’ on oxidation with 


KMnO,-KOH gives compound ‘C’. Compounds ‘A’, ‘B’ and ‘C’ respectively are: 


a) Benzaldehyde, Benzyl alcohol, potassium salt of Benzoic acid 


( 
(b) Benzaldehyde, potassium salt of Benzoic acid, Benzyl alcohol 
( 


c) Benzaldehyde, Benzoic acid, Benzyl alcohol 


(d) Benzoic acid, Benzyl alcohol, Benzaldehyde 


(iv) An organic compound ‘X’ with molecular formula C,H,O on reaction with this copper based 


catalyst gives compound ‘Y’ which reduces Tollen’s reagent. ‘X’ on reaction with sodium 


metal gives ‘Z’ . What is the product of reaction of ‘Z’ with 2-chloro-2-methylpropane? 


(a) CH,;CH,CH,OC(CH,); 
(c) CHy=—C(CHs)o 


Answers 


€) (d) 


(b) CH,CH,OC(CHs)s 
(d) CH;CH;CH=C(CH;)» 


(22) (b) (wt) (a) (tv) (c) 


ASSERTION-REASON QUESTIONS 


In the following questions, a statement of assertion followed by a statement of reason is given. 
Choose the correct answer out of the following choices. 


(a) 
(b) 
(c) 
(d) 


L; 
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Assertion and reason both are correct statements and reason is correct explanation for assertion. 


Assertion and reason both are correct statements but reason is not correct explanation for assertion. 


Assertion is correct statement but reason is wrong statement. 


Assertion is wrong statement but reason is correct statement. 


Assertion (A) 


Reason (R): 


Assertion (A) 
Reason (R) 


Assertion(A) : 
Reason (R): 


Assertion (A) 


Assertion(A) : 


Reason (R) 
Assertion(A) : 
Reason (R): 


Assertion (A) : 
Reason (R): 


: IUPAC name of the compound 


CH,— i —O—CH,—CH,—CH, is 2-Ethoxy-2-methylethane. 


CH 
3 
In IUPAC nomenclature, ether is regarded as hydrocarbon derivative in which a 
hydrogen atom is replaced by —OR or —OAr group 
[where R = alkyl group and Ar = aryl group]. 


: The boiling point of ethanol is higher than methoxymethane. 
: There is intramolecular hydrogen bonding in ethanol. 

Assertion(A) : 
Reason (R): 


Ethanol is a weaker acid than phenol. 


Sodium ethoxide may be prepared by the reaction of ethanol with aqueous 


NaOH. 
o-Nitrophenol is less soluble in water than the m- and p-isomers. 


m- and p- Nitrophenols exist as associated molecules. 


: p-nitrophenol is more acidic than phenol. 


Reason (R): 


Nitro group helps in the stabilisation of the phenoxide ion by dispersal of negative 
charge due to resonance. 


In lucas test, 3° alcohols react immediately. 


: An equimolar mixture of anhyd. ZnCl, and conc. HCl is called Lucas reagent. 


Phenol on oxidation with chromic acid gives benzoquinone. 

Pure phenol is colourless but turn pink due to oxidation to phenoquinone. 
Phenol is more reactive than benzene towards electrophilic substitution reaction. 
In the case of phenol, the intermediate carbocation is more resonance stabilized. 
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10. 


11. 


12. 


13. 


14. 


15. 


16. 


17. 


18. 


Assertion (A) : 


Reason (R): 
Assertion (A) : 


Reason (R): 
Assertion (A) : 


Reason (R): 
Assertion (A) : 
Reason (R): 
Assertion (A) : 
(R) : 
Assertion (A) : 


Reason 


Reason 


Assertion (A) : 
Reason (R): 


Assertion (A) : 


Reason 


Reason (R): 
Assertion (A) : 


Reason (R): 


Answers 


1. (d) 
9. (d) 
17. (d) 


20) 
10. (d) 
18. (c) 


(R) : 


(R) : 
Assertion (A) : 


Phenols give o- and p-nitrophenol on nitration with conc. HNO, and HSO, 

mixture. 

—OH group in phenol is o-, p— directing. 

Like bromination of benzene, bromination of phenol is also carried out in the 

presence of Lewis acid. 

Lewis acid polarises the bromine molecule. 

The reaction of phenol with acid chloride to form ether occurs in the presence of 

pyridine. 

Pyridine is a base so it neutralises the HCI formed and proceeds the reaction. 

Bond angle in ethers is slightly less than the tetrahedral angle. 

There is a repulsion between the two bulky (—R) groups. 

o-nitrophenol is a weaker acid than p-nitrophenol. [CBSE 2020 (56/2/1)| 

Intramolecular hydrogen bonding makes ortho isomer weaker than para isomer. 

The C-O-H bond angle in alcohols is slightly less than the tetrahedral angle. 
[CBSE 2020 (56/3/1)| 


This is due to the repulsive interaction between the two lone election pairs on 
oxygen. 


[CBSE 2020 (56/3/2)| 
The presence of an electron releasing group in p-methylphenol makes it less 
acidic. 

(CH;), C—O—CH, gives (CH), C—I and CHOH on treatment with HI. 
[CBSE 2020 (56/4/1)| 


Phenol is more acidic than p-methylphenol. 


The reaction occurs by Syl mechanism. 
The C—O-C bond angle in ethers is slightly less than tetrahedral angle. 
[CBSE 2020 (56/5/1)| 
Due to the repulsive interaction between the two alkyl groups in ethers. 
Ortho and para-nitrophenols can be separated by steam distillation. 
[CBSE 2020 (56/5/2)| 


Ortho isomer associates through intermolecular hydrogen bonding while Para 
isomer associates through intramolecular hydrogen bonding. 


3. (c) 
11. (d) 


4. (b) 
12. (d) 


5. (a) 
13. (a) 


6. (b) 
14. (a) 


7. (b) 
15. (a) 


8. (a) 
16. (a) 





HINTS/SOLUTIONS OF SELECTED MCQS 


1. (c) Aromatic alcohols are compounds in which -OH group is not directly attached with benzene 
ring directly. 
OH OH 
Bi Br 
pay A (c) + 3 Bro/H»O ————> + 3HBr 
Phenol Be 


2,4,6-tribromophenol 
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23. 


24. 


25. 


26. 


Bis 
28. 


29. 


30. 
31. 


32. 


33. 
34. 


35. 


(c) The structure of picric acid is 


OH 
O-N NO» 


— 


NO» 
2,4,6-trinitrophenol 


OH 
(b) ð Zn (dust) Q 
A 
Phenol Benzene 


(d) Most ring activators have atoms with unshared electron pairs directly attached to a carbon 
atom of the benzene ring. For example, the —OH group has two pairs of unshared electrons 
on the oxygen atom, which will form a bond to a carbon atom of the benzene ring. Thus, the 
—OH group will be an activating group. 


TE 
OH ONa OH 
(c) CHCl, aq. NaOH, 343 K CHO H* CHO 
a — 
(Reimer-Tiemann reaction) 
Phenol Salicylaldehyde 


(Major product) 
Note: A small amount of p-hydroxybenzaldehyde is also formed. 
(c) Phenol is also known as carbolic acid. 
(b) Phenol gives a violet-coloured water soluble complex with ferric chloride while benzyl alcohol 
does not react with FeCl,. 
6C,H,OH + FeCl, —“"— [Fe(OC,H.),]> + 3H* + 3HCI 
Violet complex 
Phenol 


at | , 
In general, all compounds containing phenolic group (~C—OH) respond to this test. However, 
the colours of complexes are different such as green, blue, violet, etc., and depend upon the 


structure of phenols. 


Salicylic acid 


(d) The general formula of monohydric alcohol is C, Hop}; OH where n = 1, 2, 3....etc. 

(c) Primary alcohols are those alcohols in which the -OH group is attached to a primary carbon 
atom. 

(b) Secondary alcohols are those alcohols in which the -OH group is attached to a secondary 
carbon atom. 

(d) Ethane 1, 2-diol is an example of dihydric alcohol because it contains two hydroxyl group. 

(b) Butan-2-ol is a secondary alcohol because in this -OH group is attached to secondary carbon 
atom. 

(b) Butan-l-ol is a primary alcohol because in this -OH group is attached to primary carbon 


atom. 
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36. 


37. 


38. 


39. 


40. 


41. 


42. 


43. 


44. 


45. 


(b) The solubility of lower alcohols in water is due to their ability to form hydrogen bonds with 
water molecules. The solubility of alcohols in water decreases with increase in molecular mass 
because with increase in molecular mass the non-polar alkyl group becomes predominant and 
masks the effect of polar —OH group. In addition, among the isomeric alcohols the solubility 
increases with branching of chain. It is because the surface area of non-polar part in the 
molecule decreases, thus enhancing the solubility. 


(c) When a mixture of methyl alcohol and air is passed through a heated tube containing iron 
powder and molybdenum oxide, methanal is formed. 


(d) CH OH CHI CHo 


| o | | 
CHOH + 3HI —““»+ CHI ——> CHil, 


CH OH CHI CHI 
Glycerol 1, 2, 3-tridopropane Allyl iodide 
(unstable) 


(d) Tertiary alcohols undergo dehydration to give alkenes. 


CH, CH, 
CH—C—CH;, — CH;—C=CH» + HO 
a Isobutylene 


tert-Butyl alcohol 


(b) Reimer-Tiemann reaction: ‘Ireatment of phenol with chloroform in the 
presence of sodium hydroxide followed by hydrolysis of resulting product gives 
o-hydroxybenzaldehyde(salicylaldehyde) as a major product. 


— + — + 
OH ONa ONa OH 
CHO 
© CHCl,+(aq) NaOH Ones ” A oy" HOt Of 
aE RY — a 
340 K 
Phenol Salicylaldehyde 
(2-Hydroxybenzaldehyde) 
HoSO, 

(c) CH3—CH»—OH — $ > CHo—CH» + HoO 

Ethyl alcohol Ethene 


(c) Phenol and ethanol both can react with sodium and gives sodium phenoxide and sodium 
ethoxide respectively. 


Dry ether H +/H20O 


- 


(d) RMgX + CHə—CH» ———> RCH,»CH»,OMgX ——— > RCH.CH.OH 
O 


(c) —OH, —Cl and —CH, groups in benzene are ortho-para directing groups and activate the 
ring towards electrophilic substitution reaction. But among these —OH group is strongly 
activating while —CH, is weakly activating and —Cl is deactivating. Thus, phenol will be most 
easily attacked by an electrophile. 


(b) Aspirin(2-acetoxy benzoic acid) is an acetylated product of salicylic acid. 


OH OCOCHS; 
COOH COOH 
+ CH3sCOCl ——W—> + HCl 
Salicylic (o-hydroxy benzoic acid) 
acid (Aspirin) 
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46. 
47. 


48. 


49. 


50. 


51. 


52. 


53. 


54. 


(c) The C—O bonds are polar in ether and therefore they have a net dipole moment. 


(b) Phenoxide ion is more stable than ethoxide ion due to resonance. Therefore, the ionisation 
constant of phenol is higher than ethanol. 


(a) Steam distillation is the most suitable method of separation of 1:1 mixture of ortho and para 
nitrophenols as there is intramolecular H-bonding in ortho nitrophenol due to which it is 
steam volatile p-nitrophenol is less volatile due to intermolecular hydrogen bonding. 

3H O,, OH” 

H,O 


Bo He 


(a) 3CH, = CH, (CH, CH,), B 3CH, CH, OH 


Hydroboration oxidation of alkenes leads to hydration in anti-Markownikoffs way. 


(c) Due to the presence of Chlorine atom in a compound such as o-chlorophenol, it is considered 
as most acidic than phenol, benzyl alcohol, and cyclohexanol. 
It is because, as chlorine is an electron loving element it facilitates delocalization of negative 


charge in phenoxide ion. 


(d) Mg +C,H,OH Mg(OC,H,), + H, 








Mg(OC,H,), + H,O MgO + 2C,H,OH 

(c) 2,4,6-trinitrophenol, benzoic acid and benzene sulphonic acid are soluble in NaHCO,. This 
reaction is possible in the forward direction if acid is more acidic than HoCOs. o-nitrophenol 
is less acidic than H,COg. Hence, it is not soluble in NaHCOs. 

(d) The compound Y must contain CH3;—CH— or CHsCO— as it is responding to iodoform 
test. 


OH 


Among the given compounds, CH;CHOHCH, (a secondary alcohol) on treatment with 
acidified K CrO; gives B CH; (a ketone with —CH,CO group). 





Q 
Therefore, X and Y respectively are CH;CHOHCH, and CHCOCH;. 
i i a 
OH O 
Protan-2-ol Propanone 
(X) (Y) 


(d) Presence of electron withdrawing groups such as nitro group enhance the acidic strength of 
phenol and the presence of electron releasing groups such as alkyl group decreases the acidic 
strength of phenol. 

As NO», group at p-position withdraws electrons towards itself by stronger —R effect as 
compared to —NO, group at m-position which withdraws electrons by the weaker —I effect. 
Thus, p-nitrophenol is more acidic than m-nitrophenol. 

(b) The presence of —OH group activates the benzene ring towards electropilic substitution 
reaction and directs the incoming group at o and p- positions as these positions become 
electron rich due to the resonance effect. 

(d) Iodoform test is given by the compounds containing terminal CH,CO— and CH,CH(OH)— 
group Thus it is given by compound (d) only. Since only (d) contains alpha hydroxyl group 


and moreover, it is not given by acid derivatives. 
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57. 


58. 


59. 


60. 


61. 


62. 


63. 


64. 
65. 


(b) This is due to formation of benzylic carbocation as an intermediate which is stabilized by 
resonance. 


oH—( o )— CH=CcH—cH, TLB® 


Br "i 
CH—CH»—CHs 


More stable 
(Benzylic carbocation) 


OH o )— CH—CH:—CH; 
Br 





(d) The strongest acid is CHOH, because the bond O—H is strongly polarized due to large 
electronegativity difference between oxygen and hydrogen. Moreover, on loosing a proton, 
CH,—O% is stabilized. 

For the rest examples, the C—H bonds are less polarized, and only ethyne is less acidic than 
methanol due to low electronegativity of carbon as compared to oxygen in CHOH. The rest 
cases (benzene, and ethane) are not acidic. 


(c) Diethyl ether on heating with conc. HI gives ethyl iodide. 
CH,CH,OCH.CH, + 2HI —> 2CH;CH, I + HO 


(c) Though ethyl alcohol and dimethyl ether have the same molecular weight but in ethyl alcohol 
the hydrogen of the —OH group forms intermolecular hydrogen bonding with the —OH 
group in another molecule. But in case of ether, the hydrogen is linked to C and it is not so 
electronegative to encourage the hydrogen to form hydrogen bonding. Due to intermolecular 
H-bonding, ethyl alcohol remains in the associated form and therefore, boils at a higher 
temperature compared to dimethyl ether. 


(b) The Williamson’s synthesis is the most widely used method to produce ethers. It occurs by 
an S,2 reaction in which a metal alkoxide displaces a halide ion from an alkyl halide. The 
alkoxide ion is prepared by the reaction of an alcohol with a strong base such as sodium 
hydride. 

(b) The Williamson’s synthesis is the most widely used method to produce ethers. It occurs by 
an S,2 reaction in which a metal alkoxide displaces a halide ion from an alkyl halide. The 
alkoxide ion is prepared by the reaction of an alcohol with a strong base such as sodium 
hydride. 

(c) Diethyl ether is formed by the acid catalysed dehydration reaction of ethanol and conc. 
sulphuric acid by the loss of water molecule. Conc. sulphuric acid used as catalyst, as well as a 
dehydrating agent. 

413K 








9C,H,OH + HSO, Cə H;—O—CH; + H2O 
Ethanol Ethoxyethane 
(excess) 
(d) The formula of diethylether is C;H;OC,H;. 
(a) — + 
ONa OCH.CHs; 
CHgCHoS 
+ CH;CHI ——=> + Nal 
Sodium Ethyl iodide Phenciolée 
phenoxide 
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66. (b) Here, the compound ‘Z’ formed is either but-1-ene(minor) or but-2-ene(mayjor). 


Thus, there are three structures possible. 


l C Hs C H o 2 > H C H e 3 . 
N E ss a” 3 
C= C=C CHs—CH»—_CH=—CH 
A NH n a S 3 9 9 
A AsC But-l-ene 
cis-but-2-ene trans-but-2-ene 


67. (b) The order of boiling point is as follow 
R—COOH > R—OH > R—CHO 


This is because carboxylic acid forms dimer due to formation of extensive intermolecular 
hydrogen bonding. As we know that more is the extend of hydrogen bonding more is the 
boiling point. Also, alcohol contains hydrogen bonding but is not a dimer and aldehyde or 
ketone does not possess hydrogen bonding. 


Cu 
68. (a) CH s—CH;—CH,OH ———> CH,—CH»—CHO 
Propan-1-ol ? 


ZE CuO4 + CH,CH.—COOH 


Fehling solution red ppt. 
| A, 300°C 
OH 
Propan-2-ol 
2CuO 


— No reaction 
Fehling solution 


69. (a) The IUPAC name of C,H;—O—C,H,; is ethoxy benzene. 


70. (b) Lucas test: In this test, the alcohol is treated with Lucas reagent which is an equimolar mixture 
of HCI and ZnCl,. Alcohols are soluble in Lucas reagent and form a clear solution. On reaction, 
alkyl chlorides are formed which being insoluble result in turbidity in the solution. 


Alcohol —“““— Alkyl chloride + H,O 
ntig 


If turbidity appears immediately, tertiary alcohol is indicated. 
If turbidity appears within five minutes, secondary alcohol is indicated. 
If turbidity appears only upon heating, primary alcohol is indicated. 
71. (b) For a compound to be optically active, it should contain at least one chiral centre. 
butan-lol does not contain any chiral carbon. Hence, it is optically inactive. 
butan-2-ol contain one chiral carbon. Hence, it is optically active. 
propan-l-ol does not contain any chiral carbon. Hence, it is optically inactive. 
propan-2-ol does not contain any chiral carbon. Hence, it is optically inactive. 
72. (a) Lucas test: In this test, the alcohol is treated with Lucas reagent which is an equimolar mixture 
of conc. HCl and ZnCl,. Alcohols are soluble in Lucas reagent and form a clear solution. On 
reaction, alkyl chlorides are formed which being insoluble result in turbidity in the solution. 


Alcohol 


conc. HCI 


ZnCl, Alkyl chloride + HO 


If turbidity appears immediately, tertiary alcohol is indicated. 
If turbidity appears within five minutes, secondary alcohol is indicated. 


If turbidity appears only upon heating, primary alcohol is indicated. 
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73. (b) 


74. (d) 


One per cent solution of phenol is used as a disinfectant and 0.2 per cent solution of phenol is 
an antiseptic so a higher concentration of the same compound is harmful to the body but can 
be used as a disinfectant to kill microorganisms on the non-living thing. 


There are three steps in the mechanism of acid catalysed hydration af an alkene to form 
corresponding alcohol. 


Step 1 : Carbocation formation and carbocation is formed by attack of HO”. 


HO T H* ——— H, O* 


(From 
an acid) 
H 
i Pa + | | 
C=C + H—O—H —»> —C—C + HO 
4 N | | | 


H 


Step 2 : Nucleophile H,O attacks on carbocation. 


H 
AA N NIILE 
= C+ HÖ — 0—¢—9—n 


H 


Step 3 : Deprotonation to form an alcohol. 


H H H H H 

ro Lol. y Poy. 
—C—C—O—H + HO — —C—C—OH 

| i L ee | | ee 


75. (a) A reagent named as pyridium chlorochromate (PCC) will carry out this reaction and its the 


76. (c) 


77. 


78. (d) 


most suitable reagent which can convert primary alcohol into aldehyde.PCC is a milder 
version of chromic acid. Essentially, what it does is oxidize alcohols one rung up the oxidation 
ladder, from primary alcohols to aldehydes and from secondary alcohols to ketones. Unlike 
chromic acid, PCC will not oxidize aldehydes to carboxylic acids. 


m-Methoxy phenol is the strongest acid. Methoxy group at meta position exerts only-I effect. 
Due to this, it withdraws electrons from all the nuclear position of the benzene ring including 
the one holding the —OH group. Consequently, electron density on the O—H bond decreases. 
Hence, mn h phenol becomes more acidic than o and p-methoxy phenols. 


O.N OH 
Da 80s HSO, SOs H Conc. Bis : NO» 


Phenol o-phenol SOH NOs 


sulphonic acid 


p-phenol 2, 4, 6-trinitrophenol 


sulphonic acid 


Ð 
(o}—o—o} hot conc. o) O loy 
HI | 


Diphenyl ether H 


Not break this bond due to double bond 
character because of resonance between 
the lone pair of electrons on the O atom 
and the C atom of the aryl group. 
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79. (c) Williamson Ether Synthesis: 


Oeon we, [ona 1, [)—0—Me 
80. (a) Ethanol is converted into ethoxy ethane by heating excess of ethanol with conc. sulphuric acid 
at 140°C. 


Mechanism: 


Formation of ether follows S2 mechanism. 


Step 1 
CH3;—CH,—O—H + H*—> CH;—CH;—O—H 
Step 2 
(Me AH 
CHsCH,—O: + CHs—CHs—O@_ — > CH,CH»—O—CH,CH, + HO 
[N H | 
H H 
Step 3 
+ + 
CHsCH:— 0—CH;CH} —> CH,CH,—O—CH.CH; + H 
H 


81. (b) (CH;)>CH—O—CH, + HI —> (CH,;),>CH&OM + CHI 
Isopropyl methyl ether Isopropyl alcohol Methyl iodide 


Here, iodine will attach to methyl forming methyl iodide. 
82. (d) Primary alcoholor secondary alcohol(2-hydroxy propane) can be oxidized to the corresponding 
aldehyde, ketones or carboxylic acids by oxidation. 
2-hydroxy propane vapour is provided moderately over the Ag dust at 250°C in presence of 
air to form carbonyl compound. 
CH, - CH (OH) - CH =). Loe CH,COCH, + H,O 
2° alcohol Ketone 


83. (a 


tu 


Reimer-Tiemann reaction: Treatment of phenol with chloroform in the presence of 
sodium hydroxide followed by hydrolysis of resulting product gives o-hydroxybenzaldehyde 
(salicylaldehyde) as a major product. 


— + — + 
OH ONa ONa OH 


CHCI,+(aq) NaOH CHCl, er CHO H,0* CHO 
340K — = y 


Phenol Salicylaldehyde 
(2-Hydroxybenzaldehyde) 


Note: OH” + CHCl, === CCl; + HO —— CClo + Cl 


Dichlorocorbene 


(Electrophile) 


84. (d 


— 


Deprotonation of p-nitrophenol gives p-nitrophenoxide ion. The negative charge on O 
atom is stabilised as strongly electron withdrawing nitro group is present at para position 
(—R effect). This effect is some what less in m-nitrophenol as at m-position, —NOs, groups 
withdraws electron by weaker —I effect. In case of p-aminophenol, deprotonation gives 
p-aminophenoxide ion. The negative charge on O atom is destabilised as electron releasing 
amino group is present in para position. Therefore, p-nitrophenol is most acidic. 
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85. 


86. 


87. 


88. 


89. 


90. 


91. 


(4) CH;COOH 


PCl; Alc. KOH 


CHs CH ,OH CH; CH» Cl —— CHə=—CHo 
Ethanoic acid Ethanol Ethyl chloride Ethene 


(B) (C) 





LIAIH4 
— an 


(a) The given reaction is known as Willamson’s synthesis. In general, it is written as 


(d 


(b 


) 


— 


— 


) 





+ 
R—X + Na—O—R’ R—O—R’ + NaX 
The mechanism of dehydration of ethanol involves the following steps: 


Step 1: Formation of protonated alcohol 


it Lk 
ee + 
H—C—¢_O-H + H == HCH 
H H H H 
Ethanol Ethyl oxonium ion 


Step 2: Formation of carbocation: It is the slowest step and hence, the rate determining step 
of the reaction. 


Lid ial 
Slow -- sö 
Hoo == Heg -- HO 
H H H H 
Step 3: Formation of ethane by elimination of a proton 
ACL H H 
Ho Ct —_—<— DOG + H 
| | H H 
H H 


Ethene 


The acid used in step 1 is released in step 3. To drive the equilibrium to the right, ethene is 
removed as it is formed. 


Cobalt naphthenate is the catalyst used in a commercial method of preparation of phenol. 
Alkaline solution of cumene(isopropyl benzene) in sodium carbonate is oxidised with air/ 
oxygen in presence of cobalt naphthenate catalyst to form cumene hydroperoxide. Cumene 
hydroperoxide on heating with dilute H».SO, decomposes to give phenol and acetone. 


Nitro group has both —R effect and —I effect, but —R effect predominates. Due to stronger 
electron withdrawing nature of —NO, group, phenoxide ion is stabilized more. Hence 
nitrophenol is more acidic than phenol. Methyl group destabilizes the phenoxide ion by +I 
effect and hyper conjugation. Hence m-cresol is weaker acid than phenol. Chlorine have both 
+R and -I effect, but —I effect predominates. Hence o-chlorophenol is more acidic than 
phenol. —R effect of nitro group is stronger than —I effect of chlorine, hence m-nitrophenol 
is more acidic than o-chlorophenol. Therefore the correct order of acidic strength is 


m-nitrophenol > o-chlorophenol > phenol > m-cresol 


Acidic strength in increasing order is v7 < it < tv <1 


- + 
OH ONa OCH, 
O + NaOH O + CH,Br O 
—— — 
Phenol Anisole 


(c) The reaction between(CHs)s COCH, and HI follows S1 mechanism. For an Sy1 reaction, the 


formation of product is controlled by stability of the carbocation formed in the slowest step. 
® 
Since tert.butyl carbonium ion(CHs),C formed after the cleavage of C—O bond in the slowest 


step is more stable than methyl carbonium ion(CH,) therefore(CH,),C—I and CHOH are 
the main products. 
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92. (d) Iodoform test: When ethyl alcohol or any alcohol containing the group CH ;—CH+ 


I A 
| 


or CH,—C— group is heated with iodine and aqueous NaOH or Nay,COsz solution at 


333-343 K, a yellow precipitate of iodoform is obtained. 
CHs 
| 
Among the given compounds, isobutyl alcohol (CH3— CH —CH»,—OH) does not contain 


CH;—CH— group and hence, does not undergo iodoform reaction. 


OH 
93. (a) Propan-l-ol has the possibility of the formation of hydrogen bonds. Intermolecular hydrogen 
bonds formation takes place in propan-l-ol because of highly electronegative oxygen atom. 
Hence it has highest Boiling point. 


Conc. H SO, a 
———=—+— Compound 


(Fruity smell) 


94. (c) A liquid + C, H; OH 


Fruity smell is the characteristic property of an ester. Thus, the above reaction leads to the 
formation of an ester. 
i 
? " e Conc. Hə SO. < I| ” 
CHCOOH + CoH;OH ————~— CH;—C—OC,H; + HO 
Ethanoic acid Ethanol Ethyl acetate 
(Fruity smell) 


The reaction is called as esterification 
95. (b) Formation of a yellow precipitate on heating a compound with an alkaline solution of iodine 
is known as iodoform reaction. Methyl alcohol does not respond to this test. Iodoform test is 


exhibited by ethyl alcohol, acetaldehyde, acetone, methyl ketones and those alcohols which 
possess CH,CH(OH) - group. 











CH; O CH, OMgBr 
| Ether | H30° 
96. (d) CH;—CH+C2H.+ CH3;MgBr —= = CH3;—CH—CH 
2-methylpropanal Methyl magnesium 
bromide CH, 
CH, 





CH,— CH E —OH 


CH, 
3 -methylbutan -2-ol 
97. (c) Ethers are the compounds with general formula of C, Hop +90 (same as monohydric alcohols). 


/ 
. 


These are represented by general structure, R—O—R 


98. (b) Phenyl magnesium bromide reacts with tert-butanol to produce benzene because phenyl is 
an electronegative group which is associated with active hydrogen of alcohol z.e. —H of —OH 


group of alcohol. 


CeH;[MgBr + (CHs)3 C—OH ——> GH, + (CHs)3 C—O—MegBr 


benzene 
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99. 


100. 


101. 


102. 


103. 


104. 


105. 


106. 


(c) Structure of ethyl propionate— 


iL 
CH,—CH,—C—O—CH,CH, 


Preparation of ethyl propionate— 


BF. | 
CHOCH; + CO——“3—-+> CH, —CH,—_C—O—C.H;, 
150°C, 500 atm “ 
Diethyl ether Ethyl propionate 


(d) Ethanol is converted to ethylene by using conc. HSO; at 170°C. Conc. HoSO, at 170°C acts 
as a dehydrating reagent and due to dehydration of ethanol it is converted into ethylene and 


water. 
6) oH O 
(2) NagCroO7 
nee. 
© (ii) H50; + HO 
O 
Benzoquinone 


(a) Lucas test: In this test, the alcohol is treated with Lucas reagent which is an equimolar mixture 
of conc. HCI and ZnCl». Alcohols are soluble in Lucas reagent and form a clear solution. On 
reaction, alkyl chlorides are formed which being insoluble result in turbidity in the solution. 


Alcohol 


conc. HCI 


ZnCl Alkyl chloride + H,O 


If turbidity appears immediately, tertiary alcohol is indicated. 

If turbidity appears within five minutes, secondary alcohol is indicated. 

If turbidity appears only upon heating, primary alcohol is indicated. 
(d) Ethanol is distilled with bleaching powder to form chloroform. 


The reactions involved are as follows: 

CaOCl, + H,O —— Ca(OH), + Cl, 

Cl, + H,O gel + [O] 

CH,CH,OH +}0] —— CH,CHO + H,O 

CH,CHO + 3Cl, —— Cl,CHO + 3HCl 

Chlorine is an oxidising agent as well as chlorinating agent. 


2CCl, CHO + Ca(OH), 2CHCI, + (HCOO), Ca 


Hence, CaOCl, and HO reacts with ethanol to form chloroform. 


hydrolysis 
— 


(a) Neutral FeCl, forms violet coloured complex with phenol whereas it forms buff coloured 
precipitate of ferric benzoate with benzoic acid. 


(d) An alcohol such as ethylalcohol(C,H;OH) converts methyl magnesium iodide to methane in 
one step. 


CoH;5O0H + CH3Mgl ——> CH, + Mg(OCo H;)I 
(a) o-, m- and p- cresol, all contains phenolic group, thus they give violet colouration with FeCl, 
whereas benzyl alcohol and methyl phenyl ether do not contain phenolic group, hence give 


no colouration with FeCl,. Hence the pair of compounds which are identifiable by FeCl, is 
o-cresol and benzyl alcohol. 
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107. 


108. 


109. 
110. 


111. 


112. 


113. 


114. 


115. 


116. 


( ) pol Reduction pol Diazotisation 
C — 


m-chlorophenol 3-aminophenol 
—— 
® ^o H.0® 
H NoCl i H OH 


Resorcinol 


(d) An ether is more volatile than an alcohol having the same molecular formula. This is due to 
intermolecular hydrogen bonding in alcohols. In alcohols, H atom is attached to strongly 
electronegative O atom. Therefore, they exist as an associated molecule due to hydrogen 
bonding. 

(b) Starch 


Diastase Maltase Zymase 


Maltose Glucose Ethanol 


(d) The balanced chemical equation for the reaction of benzene sulphonic acid with sodium 
bicarbonate is 


Cs H;SO3H + NaHCO; ——~ CgH;SO3;Na’ + COot + HO 


The balanced chemical equation for the reaction of p-nitrophenol with NaHCO, is 


OH ONa 
+ NaHCO,——~> ©) + CO.f + HỌ 
NO» 





NO» 
a) C2H5OH + KyCr0; mS! . CH;COOH 
Ethanol Ethanoic acid 
(X) (Y) 
+ 
CHCOOH + LiAIH, CH; CHOH 
Ethanol 
(X) 


(c) n-propyl alcohol oxidize with acidified K Cr O; to give propanoic acid while isopropyl alcohol 
oxidizes with acidified K CrO; to give propanone. 


c) RCH»—CH,OH —2+R—CH,—CH —Br SS+R—CH,—CHoCN 


| H,O° 


RCH»CH»COOH 


(b) On catalytic dehydrogenation, primary alcohols give aldehydes, secondary alcohols give 
ketones and tertiary alcohols give an alkene. 


CHj—CH—CH;——>+ CH) —G—CH + He 
OH O 
Isopropyl alcohol Acetone 


1e best method to prepare cyclohexene from cyclohexanol is conc. H. ecause in 
b) The b hod to prep yclol f ycloh l is by HPO, b i 
given options dehydrating agent is conc. HPO,4. 


(a) Bro is formed by a redox reaction. 
5Br + BrO; +6H* —— 3Br, + 3H,O 


-OH group is the activating group and thus activates the benzene towards electrophilic 
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117. 


119. 


120. 


121. 


122. 


123. 


substitution reaction at o and p-positions giving yellowish white precipitate of 
2,4,6-tribromophenol. 


OH OH 
Br Br 
+ 3Bro(aq) ———— + 3HBr 
Phenol Br 
2,4,6-tribromophenol 
— + — * — + 
OH ONa ONa ONa 
CCl; C(OH); COOH 
CCl, NaOH 3NaOH 
(a) E a ae 
340 K —3NaCl -HO 
Phenol 
=y 
Na OH 
COONa COOH 
NaOH Dil. HCl 
—__—___—_—_» 
-HO -2 NaCI 
Disodium 2-Hydroxybenzoic acid 
salicylate (Salicylic acid) 


(d) In CH,—CH.—OH, the electronegativity order is H < C < O 
Since the most electronegativity difference is between O and H. Therefore, the bond will 
have more ionic character and can be break easily. Thus, O—H bond will undergo heterolytic 
cleavage readily. 

(d) Since the secondary alcohol on oxidation gives two different acids containing lesser number of 
carbon atom than the original alcohol. Thus, the alcohol is secondary alcohol and will contain 
5 C atoms as it is forming acetic acid and propanoic acid. 


(d) CgHigO0g —— 2CH;OH + 2CO, 
Glucose aoe Ethyl alcohol 
or 
Fructose 


(d) —OCHs, —CH, being electron donating groups decreases the acidic character of phenols. 
—NO,,—CN are electron withdrawing groups, tend to increase the acidic character. Moreover, 
—OCHsz group is more electron donating than —CHg, group. 


Thus, the order is p-methoxphenol < p-methylphenol < p-nitrophenol. 


(b) Propan-l-ol is produced by the hydroboration-oxidation reaction of propene. In this reaction, 
propene reacts with diborane (BHs) to form trialkyl borane as an addition product. This 
addition product is oxidized to alcohol by hydrogen peroxide in the presence of aqueous 
sodium hydroxide. 


CH;—CH=CH, + (H-BHə) ——> CH;—CH—CH. 
Propene Diborane | | 


H BH, 


| CH3;—CH=CH,» 


(Cle Cie 6.) Bo Ce or Cn 


HO | 3H,O.,OH 


8CH;—CH»>—CH»—OH + B(OH); 


Propan-1l-ol 
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124. (a) The presence of -OH groups in a compound leads to hydrogen-bonding which greatly 
increases its boiling point. Generally, the more ‘exposed’ the —OH group, the better it can 
participate in intermolecular H-bonding and thus, the boiling point will elevate. By that logic, 
primary alcohols will have the highest boiling point while tertiary alcohols will have the lowest 
boiling point. 

125. (b) Inthe given reaction, the electrophile involved is dichlorocarbene(:CCl,). In Reimer-Tiemann 
reaction, phenol in presence of NaOH/KOH reacts with chloroform to give salicyladehyde. 


Cl ¢ cl Cl 
Ht a os [Ce o s 

Cl Cl Cl 

l 9 3 


Cl 
O) ik a Q SL 
Ô NaOH 3 


E D 


OH 
4 5 

H 

CA i 
OHO O *O O Cl 
O~ cre NaOH ory 

q= H <_— Fo 

9 8 7 


126. (b) The number of optically active stereoisomers possible for butan-2, 3—diol is 2. They are d and 
l isomers which are optically active. The meso-compound is optically inactive due to internal 





compensation. 

CHs CH, CHs 
H OH OH H H OH 
OH H H OH H OH 

CH, CH, CH, 

d-isomer l-isomer 
C 
Optically active meso- compound 


(optically inactive) 


127. (a) The ether when treated with HI produces both benzyl iodide or phenol. 


EEI 
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BIOMOLECULES 





sy ANS) | Omg O10] '[ 6] = a RS 


1. Biomolecules: Macromolecules which are naturally occurring 1n biological systems are called biomolecules. 
Examples: polysaccharides (starch, cellulose, etc.), proteins, enzymes, vitamins, hormones, etc. 

2. Carbohydrates: These are optically active polyhydroxy aldehydes or ketones or the compounds which 
produce such units on hydrolysis, e.g., glucose, sucrose, cellulose, starch, etc. 


oo) 


Classification of carbohydrates: 

(a) Monosaccharides: The simple carbohydrates that cannot be broken further into smaller units on 
hydrolysis, e.g., glucose and fructose, ribose, etc. 

(b) Oligosaccharides: These are the carbohydrates which on hydrolysis give two to ten units of 
monosaccharides, e.g., sucrose, maltose, raffinose, stachyose, etc. 

(c) Polysaccharides: These are the carbohydrates which produce a large number of monosaccharide units 
on hydrolysis, e.g., starch, cellulose, etc. 

4. (i) Reducing sugars: Those carbohydrates which contain free aldehydic or ketonic group and reduce 
Fehling’s solution and Tollens’ reagent are called reducing sugars, e.g., all monosaccharides, maltose 
and lactose. 

(ii) Non-reducing sugars: Those sugars which do not have free aldehydic or ketonic group and do not reduce 
Fehling’s solution or Tollens’ reagent are called non-reducing sugars, e.g., sucrose. 


5. Preparation of Glucose 


(a) From sucrose: 


H+ 
C2H201ı + H20 ——> C6H20O6s + C6Hi206 


Sucrose Glucose Fructose 


(b) From starch: Commercially, glucose is obtained by hydrolysis of starch by boiling it with dil. H,SO, at 
393 K under pressure. 


+ 


H 


(C6Hio05s)n + nH20 393K; 2-3 atm 


Starch or cellulose 


nCe Hi> O6 


Glucose 

6. (a) Structure of Glucose: Glucose is a six carbon straight chain aldose which has one aldehydic group 
(—CHO), one primary hydroxyl group (—CH,OH) and four secondary hydroxyl groups (—CHOH). 
If the —OH group attached to C-5 is on the right side, the glucose is assigned D—configuration; if the 


—OH group attached to C-5 is on the left side, it is assigned L—configuration. The (+) and (—) signs 
represent the optical rotation as dextro and laevo, respectively and have no relationship with D and L 





configuration. 
CHO 
H OH HO 
HO H H 
H OH HO 
| H OH | HO i 
D-(+)-Glyceraldehyde D-(+)-Glucose L-(—)-Glyceraldehyde L-(—)-Glucose 
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(b) Cyclic structure of glucose: The glucose has been shown to possess cyclic structure represented as 


follows: 





———. 
—— 
°CH 20H 

a-D-(+)-Glucose 
Haworth Structures 
6 CH ,OH 
O 
Pyran 


o-D-(+)-Glucopyranose 


7. Reactions of Glucose 


COOH 


(CHOH), «HNO: 





COOH 


Saccharic acid 
3 
a 
(CHOH); 


CN 
CH 4 


Nou 
(CHOH), 


CHOH 
Glucose cyanohydrin 


[es 


CHO 


CH,OH 
$ Glucose 2. 


iy 2 te 
F COOH 
=z 
S (CHOH) 4 
< CH 20H 
Gluconic acid 
CHO o 


CHOH 


Glucose oxime 


144] Chemistry-XIl: Term-1 


| | 

(CH—O—C—CH3)4 
| i 

CH —O—C—CH;, 


Glucose pentaacetate 
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°CH 20H 
B-D-(+)-Glucose 





B-D-(+)-Glucopyranose 


(CHOH), —_-+ Che —Ch, —CH> — Cio —Ch> — ci, 


8. Structure of Fructose: Fructose is a ketohexose and has the molecular formula C,H,,O,. It belongs to 


9. 


10. 


D-series and is a laevorotatory compound. 


2 l 
1 2 HO —C—CH20H 
HOH, C —C— OH 
H 
H 








O HO o 
H OH 
\ fs i 
: CHOH 
CHOH 
Furan a-D-(—)-Fructofuranose B-D-(—)-Fructofuranose 


The cyclic structures of two anomers of fructose are represented by Haworth structures as given below. 


1 6 
CHOH HOH,C 





OH H OH H 


a-D-(—)-Fructofuranose B-D-(—)-Fructofuranose 


Amino acids: Those compounds, whose molecule contains both the carboxylic acid group and the amino 
group are called amino acids. There are twenty amino acids which form protein. The amino acids which are 
synthesised in body are known as non-essential amino acids, e.g., glycine, alanine. Those amino acids which 
cannot be synthesised in body and must be obtained through diet are known as essential amino acids, e.g., 
valine, lysine. 

Amino acids have also been classified as neutral, acidic and basic amino acids. Amino acids like glycine, 
valine, etc. which contain one —NH, and one —COOH group are called neutral amino acids. Those amino 
acids such as aspartic acid, glutamic acid, etc. which contain one —NH, group and two —COOH groups are 
called acidic amino acids and amino acids such as lysine, histidine, etc., which contain two —NH, groups 
and one —COOH group are called basic amino acids. 


Proteins are complex nitrogenous organic molecules which are essential for growth and maintenance of body. 
O 


Chemically, proteins are the polymers of a-amino acids which are linked by peptide bonds (—C—-NH—) . 


Denaturation of Proteins: When a protein in its native form is subjected to a change, such as change in 
temperature or change in pH, the hydrogen bonds are disturbed. Due to this, globules unfold and helix get 
uncoiled and protein loses its biological activity. This is called denaturation of protein. During denaturation, 
2° and 3° structures are destroyed but 1° structure remains intact, e.g., coagulation of egg while on boiling, 
curdling of milk, etc. 
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MULTIPLE CHOICE QUESTIONS 


Choose and write the correct option in the following questions. 


1. Three cyclic structures of monosaccharides are given below which of these are anomers. 


[NCERT Exemplar] 
HO H 
H OH HO H HO H 
H OH O H OH HO H o 
HO H HO H H OH 
H OH H OH HO H 
H H H 
CHOH CHOH CHOH 
(I) (ID) (IIT) 
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(a) I and II (b) II and III 
(c) I and III (d) III is anomer of I and II 


Optical rotations of some compounds along with their structures are given below which of them 


have D configuration. [NCERT Exemplar] 
CHOH 
Cai CHO | 
H OH C=O 
H OH = n OH H 
H OH H OH 
CH,OH H OH H OH 
CH,OH CH,OH 
(+) rotation (+) rotation (-) rotation 
(I) (II) (IIT) 
(a) I, II, IH (b) Il, II (c) LH (d) III 
Which ofthe following statements is not true about glucose? [NCERT Exemplar] 


(b) On heating with HI it forms n-hexane. 
(d) It does not give 2,4-DNP test. 


Which of the following reactions of glucose can be explained only by its cyclic structure? 


[NCERT Exemplar] 


(a) It isan aldohexose. 


(c) Itis present in furanose form. 


(a) Glucose forms pentaacetate. 

(b) Glucose reacts with hydroxylamine to form an oxime. 

(c) Pentaacetate of glucose does not react with hydroxylamine. 

(d) Glucose is oxidised by nitric acid to gluconic acid. 

Which of the following reaction confirms the presence of carbonyl group (> C—O) in glucose? 
(a) Reaction with HI (b) Reaction with hydroxylamine 

(c) Reaction with HCN (d) Both (b) and (c) 
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6. 


10. 


11. 


12. 


13. 


14. 


15. 


Which of the following pairs represents anomers? [NCERT Exemplar] 
(a) (b) 


CHO CHO CHO CHO 
H OH HO H H OH HO H 
HO H HO H H H H OH 
H OH H OH H OH HO H 
H OH H OH H OH HO H 
CH,OH CH,OH CH,OH CH,OH 
H OH | HO H H OH | HO H 
H OH}! H OH H OH } HO H 
a T ° @Muo u f H OH T 
HO H HO H 
H OH] H OH H OH | HO H 
H H H H 
CHOH CH OH CH OH CH OH 
Fructose reduces Tollens’ reagent due to 
(a) Primary alcoholic group (b) Asymmetric carbons 
(c) Secondary alcoholic groups (d) Enolisation of fructose followed by conversion 
to aldehyde by base 


Carbohydrates are classified on the basis of their behaviour on hydrolysis and also as reducing 
or non-reducing sugar. Sucrose is a á 
(a) monosaccharide (b) disaccharide (c) reducing sugar (d) polysaccharide 


Which of the following naturally occurring G-aminoacids is optically inactive? 

(a) Glycine (b) Alanine (c) Leucine (d) Valine 

Each polypeptide in a protein has aminoacids linked with each other in a specific sequence. 
This sequence of amino acids is said to be 5 [NCERT Exemplar] 
(a) primary structure of proteins. (b) secondary structure of proteins. 

(c) tertiary structure of proteins. (d) quaternary structure of proteins. 


Proteins can be classified into two types on the basis of their molecular shape i.e., fibrous 
proteins and globular proteins. Examples of globular proteins are: 


(a) Insulin (b) Keratin (c) Albumin (d) both (a) and (c) 
Proteins are found to have two different types of secondary structures viz. &-helix and ßB-pleated 
sheet structure. o-helix structure of protein is stabilised by : [NCERT Exemplar] 
(a) Peptide bonds (b) van der Waals forces 

(c) Hydrogen bonds (d) Dipole-dipole interactions 

Nucleic acids are the polymers of = [NCERT Exemplar] 
(a) nucleosides (b) nucleotides (c) bases (d) sugars 


Dinucleotide is obtained by joining two nucleotides together by phosphodiester linkage. 
Between which carbon atoms of pentose sugars of nucleotides are these linkages present? 


[NCERT Exemplar] 
(a) 5' and 3' (b) l'and 5’ (c) 5' and 5' (d) 3' and 3' 
DNA and RNA contain four bases each. Which of the following bases is not present in RNA? 
[NCERT Exemplar] 
(a) Adenine (b) Uracil (c) Thymine (d) Cytosine 
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16. The presence or absence of hydroxyl group on which carbon atom of sugar differentiate RNA and 


DNA 
(a) 2nd (b) 4th (c) 3rd (d) Ist 
17. Which one is the complementary base of cytosine in one strand to that in other strand of 
DNA? [CBSE 2020 (56/4/3)| 
(a) Adenine (b) Guanine (c) Thymine (d) Uracil 
18. Glucose cannot be classified as: 
(a) carbohydrate (b) aldose (c) oligosaccharide (d) hexose 
19. Which one is the formula of a disaccharide? 
(a) CyoH 901, (b) CgH 906 (c) CisHo2011 (d) CioHo0010 
20. Which of the following is an example of aldopentose? 
(a) Erythrose (b) Ribose (c) Fructose (d) Dihydroxy acetone 


21. Which of the following is an example of aldohexose? 

(a) Sucrose (b) Glucose (c) Fructose (d) Lactose 
22. On oxidation with nitric acid, glucose yields 

(a) monocarboxylic acid(b) dicarboxylic acid (c) tricarboxylic acid | (d) none of these 
23. Which of the following is laevorotatory? 

(a) Glucose (b) Sucrose (c) Fructose (d) None of these 
24. Amino acids are best represented as : 

(a) dipolar ions (b) isoelectric ions (c) amphoteric ions (d) zwitter ions 
25. The main structural feature of protein is : 

(a) ether linkage (b) ester linkage (c) peptide linkage (d) all the three above 
26. Which of the following is not a protein? 

(a) Wool (b) Nail (c) Hair (d) DNA 
27. Glucose reacts with acetic anhydride to form : 

(a) monoacetate (b) tetracetate (c) pentaacetate (d) hexaacetate 
28. Which substance is not present in nucleic acid? 

(a) Cytosine (b) Adenine (c) Thymine (d) Insulin 
29. In DNA the complimentary bases are : 

(a) Uracil and Adenine : Guanine and Cytosine 

(b) Adenine and Thymine : Guanine and Cytosine 

(c) Adenine and Thymine : Guanine and Uracil 

(d) Adenine and Guanine : Thymine and Cytosine 
30. The acid showing salt like character in aqueous solution is : 

(a) acetic acid (b) benzoic acid (c) formic acid (d) amino acid 


31. Which of the following is correct about hydrogen bonding in nucleotide? 


(a) A—T; G—C (b) A—G; T—C (c) G—T; A—C (d) A—A; T—T 
32. A nucleoside consists of : 

(a) base and sugar (b) base and phosphate 

(c) sugar and phosphate (d) base, sugar and phosphate 


33. The RNA responsible for the specific sequence of amino acids in protein is : 

(a) mRNA (b) tRNA (c) ribosomal RNA (d) both (a) and (b) 
34. Which of the following statements is correct? 

(a) All amino acids are optically active. 

(b) 

(c) 


(d) All amino acids except lysine are optically active. 
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All amino acids except glycine are optically active. 


All amino acids except glutamic acid are optically active. 


35. 


36. 


37. 


38. 


39. 


40. 


41. 


42. 


43. 


44. 


45. 


46. 


47. 


48. 


49. 


50. 


Which of the following compound is a protein? 


(a) Penicillin (b) Orlon (c) Keratin (d) Savlon 
Which of the following is a monosaccharide? 

(a) Lactose (b) Maltose (c) Fructose (d) Cellulose 
Amino acids are: 

(a) Acidic (b) Alkaline (c) Amphoteric (d) Neutral 
Which of the following is a natural polymer? 

(a) Protein (b) Teflon (c) Nylon (d) Terylene 
Which amino acid has phenolic-OH group as its backbone? 

(a) Glycine (b) Leucine (c) Tyrosine (d) Serine 
Which base is present in RNA but not in DNA? 

(a) Uracil (b) Cytosine (c) Guanine (d) Thymine 
The simplest amino acid is 

(a) Alanine (b) Tyrosine (c) Asparagine (d) Glycine 
Which of the following is a non-reducing sugar? 

(a) Sucrose (b) Glucose (c) Maltose (d) Lactose 
On oxidation with a mild oxidising agent like Br,/H,O, the glucose is oxidized to 
(a) saccharic acid (b) glucaric acid (c) gluconic acid (d) valeric acid 
During acetylation of glucose it needs how many moles of acetic anhydride? 

(a) 3 (b) 5 (c) 4 (d) 1 

Which reagent is used to convert glucose into.saccharic acid? 

(a) Bro/H,O (b) Nitric acid 

(c) Alkaline solution of iodine (d) Ammonium hydroxide 


The general formula of carbohydrates is 

(a) C, Hon +410 (b) C Hon O (c) CH0) (d) Ca (Ho,O)on 
Which one of the following isnot correct? 

(a) D (-) Fructose exist in furanose structure 

(b) D (+) Glucose exists in pyranose structure 

(c) In sucrose the two monosaccharides are held together by peptide linkage 

(d) Maltose is a reducing sugar 


Glucose does not react with 


(a) NHOH (b) NaHSOs (c) CseH;NHNHo (d) HCN 
The anomeric carbon in D (+) glucose is 
(a) C-1 carbon (b) C-2 carbon (c) C-5 carbon (d) C-6 carbon 


How many C-atoms are there is a pyranose ring? 


Pyran 





a-D-(+)-Glucopyranose B-D-(+)-Glucopyranose 


(a) 3 (b) 5 (c) 6 (d) 7 
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51. Amino acids generally exist in the form of Zwitter ions. This means they contain 
(a) Basic —NH, group and acidic —COOH group 
(b) The basic _NH, group and acidic —COO group 
(c) Basic —NHg and acidic —H* group 
(d) Basic —COO group and acidic —NHs group 
52. Denaturation of protein leads to loss of its biological activity by 
(a) formation of amino acids 
(b) loss of primary structure 
(c) loss of both primary and secondary structure 
(d) loss of both secondary and tertiary structures 
53. Mark the wrong statement about denaturation of proteins. 
(a) The primary structure of the protein does not change. 
(b) Globular proteins are converted into fibrous proteins. 
(c) Fibrous proteins are converted into globular proteins. 


(d) The biological activity of the protein is destroyed. 
54. a-D (+) glucose and B-D (+) - glucose are 


(a) Enantiomers (b) Geometrical isomers (c) Anomers (d) Epimers 
55. Which of the following is called non-sugars? 

(a) Monosaccharide (b) Disaccharide (c) Ivisaccharide (d) Polysaccharide 
56. Glucose is prepared from 

(a) Sucrose (b) Maltose (c) Lactose (d) Cellulose 


57. In D(+) glucose, 
(a) ‘D’ represents configuration and (+) represents dextrorotatory nature 
(b) ‘D’ represents dextrorotatory nature and (+) represents configuration 
(c) ‘D’ represents configuration and (+) represents laevorotatory nature 


(d) ‘D’ represents laevorotatory nature and (+) represents configuration 


58. Which of the following is a basic amino acid? 


(a) Glycine (b) Valine (c) Leucine (d) Argenine 
59. Which of the following gives rise to fibrous and globular proteins? 

(a) Primary structure of proteins (b) Secondary structure of proteins 

(c) Tertiary structure of proteins (d) Quaternary structure of proteins 


60. The product formed when glucose reacts with HI is 


(a) Gluconic acid (b) n-hexane (c) saccharic acid (d) cyanohydrin 
61. Which of the following does not confirm the presence of carbonyl group in glucose? 

(a) Reaction with hydroxylamine (b) Reaction with hydrogen cyanide 

(c) Reaction with acetic anhydride (d) Reaction with bromine water 


62. Furan isa 
(a) five membered cyclic compound with one oxygen and four carbon atoms. 


(b) cyclic organic compound with one oxygen atom and five carbon atoms in the ring. 

(c) five membered cyclic compound with one carbon and four oxygen atoms. 

(d) cyclic organic compound with one carbon atom and five oxygen atoms in the ring. 
63. Amide group is present in 

(a) Carbohydrates (b) Proteins (c) Lipids (d) Vitamins 
64. Glucose gives silver mirror with Tollen’s reagent. It shows the presence of 

(a) An acidic group (b) An alcoholic group (c) Aketonic group (d) An aldehydic group 
65. The main force(s) which stabilise the 2° and 3° structures of proteins is/are 


(a) hydrogen bonds (b) disulphide linkages (c) van der Waals (d) all of these 
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66. The segment of DNA which acts as the instruction manual for the synthesis of protein is 

(a) ribose (b) gene (c) nucleoside (d) nucleotide 
67. Glycosidic linkage is an; 

(a) amide linkage (b) ether linkage (c) ester linkage (d) acetyle linkage 
68. The functional group which is formed in amino acid is 

(a) -COOH (b) -NHs (c) -CH, (d) both (a) and (b) 
69. By which bond the polypeptide chains are held together in fibrous protein? 

(a) Covalent bond (b) Hydrogen bond (c) Disaulphide bond (d) Both (b) and (c) 
70. Which of the following base is not present in DNA? 


(a) Adenine (b) Guanine (c) Cytosine (d) Uracil 
71. A carbohydrate must contain : 
(a) 2 carbon atoms (b) 3 carbon atoms (c) 4 carbon atoms (d) 6 carbon atoms 


72. Glucose contains : 

(a) One —CHO group (b) five —OH groups 

(c) one primary alcoholic group (d) all are correct 
73. Amino acids are the end products in the digestion of : 

(a) cellulose (b) lecithin (c) nucleic acid (d) albumin 
74. The helical structure of protein is established by : 

(a) Peptide bonds (b) Dipeptide bonds (c) Hydrogen bonds (d) Van der Waals forces 
15. Which of the following is not an amino acid? 

(a) Glycine (b) Alanine (c) Histidine (d) Benzidine 
76. The letter D in carbohydrates signifies : 

(a) mode of synthesis (b) its configuration (c) dextrorotatory (d) diamagnetic nature 
77. Which parts of amino acids molecules are linked through hydrogen bonds in the secondary 

structure of proteins? 

(a) NH, group (b) COOH group 

(c) —C— and —NH— groups (d) None of the above 

| 


78. An a-helix is a structural feature of 


(a) Sucrose (b) Polypeptides (c) Nucleotides (d) Starch 
79. Which one is the complementary base of cytosine in one strand to that in other strand of DNA? 
(a) Adenine (b) Guanine (b) Thymine (d) Uracil 
80. The function of DNA is 
(a) To synthesise DNA (b) To synthesise the necessary protein 
(c) Tocarry the hereditary information (d) All are correct 
Answers 
1. (a) 2. (a) 3. (c) 4. (c) 5. (d) 6. (c) 7. (d) 8. (b) 
9. (a) 10. (a) 11. (d) 12. (c) 13. (b) 14. (a) 15. (c) 16. (a) 
17. (b) 18. (c) 19. (a) 20. (b) 21. (b) 22. (b) 23. (c) 24. (d) 
25. (c) 26. (d) 27. (c) 28. (d) 29. (b) 30. (d) 31. (a) 32. (a) 
33. (d) 34. (b) 35. (c) 36. (c) 37. (c) 38. (a) 39. (c) 40. (a) 
41. (d) 42. (a) 43. (c) 44. (b) 45. (b) 46. (c) 47. (c) 48. (b) 
49. (a) 50. (b) 51. (a) 52. (d) 53. (c) 54. (c) 55. (d) 56. (a) 
57. (a) 58. (d) 59. (c) 60. (b) 61. (c) 62. (a) 63. (b) 64. (d) 
65. (d) 66. (b) 67. (b) 68. (d) 69. (d) 70. (d) 71. (b) 12. (d) 
73. (d) 14. (c) 15. (d) 76. (b) 77. (c) 78. (b) 79. (b) 80. (c) 
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CASE-BASED QUESTIONS 


1. Read the given passage and answer the questions that follow. [CBSE Question Bank] 
Adenosine triphosphate (AIP) is the energy-carrying molecule found in the cells of all living 
things. ATP captures chemical energy obtained from the breakdown of food molecules and releases 
it to fuel other cellular processes. ATP is a nucleotide that consists of three main structures: the 
nitrogenous base, adenine; the sugar, ribose; and a chain of three phosphate groups bound to 
ribose. The phosphate tail of ATP is the actual power source which the cell taps. Available energy 
is contained in the bonds between the phosphates and is released when they are broken, which 
occurs through the addition of a water molecule (a process called hydrolysis). Usually only the 
outer phosphate is removed from AIP to yield energy; when this occurs AIP is converted to 
adenosine diphosphate (ADP), the form of the nucleotide having only two phosphates. 


The importance of ATP (adenosine triphosphate) as the main source of chemical energy in living 
matter and its involvement in cellular processes has long been recognized. The primary mechanism 
whereby higher organisms, including humans, generate ATP is through mitochondrial oxidative 
phosphorylation. For the majority of organs, the main metabolic fuel is glucose, which in the 
presence of oxygen undergoes complete combustion to CO, and H.O: 


C6sH1206 F 005 _—. 005 F 6H»-O _ energy 


The free energy (AG) liberated in this exergonic (AG is negative) reaction is partially trapped as ATP 
in two consecutive processes: glycolysis (cytosol) and oxidative phosphorylation (mitochondria). 
The first produces 2 mol of ATP per mol of glucose, and the second 36 mol of ATP per mol of 
glucose. Thus, oxidative phosphorylation yields 17-18 times as much useful energy in the form of 
ATP as can be obtained from the same amount of glucose by glycolysis alone. 


The efficiency of glucose metabolism is the ratio of amount of energy produced when 1 mol of 
glucose oxidised in cell to the enthalpy of combustion of glucose. The energy lost in the process is 
in the form of heat. This heat is responsible for keeping us warm. 


(Source: Erecińska, M., & Silver, I.A. (1989). ATP and Brain Function. Journal of 
Cerebral Blood Flow & Metabolism, 9(1), 2—19. https://dot.org/10.1038/jcbfm.1989.2 
and https://www.britannica.com/science/adenosine-triphosphate) 


The following questions are multiple choice questions. Choose the most appropriate answer: 
(i) Cellular oxidation of glucose is a: 

(a) spontaneous and endothermic process 

(b) non spontaneous and exothermic process 

(c) non spontaneous and endothermic process 

(d) spontaneous and exothermic process 


(ii) What is the efficiency of glucose metabolism if 1 mole of glucose gives 38 ATP energy? 
(Given: The enthalpy of combustion of glucose is 686 k cal, 1 ATP = 7.3 k cal) 
(a) 100% (b) 38% (c) 62% (d) 80% 
(iii) Which of the following statement is true? 
(a) ATP is a nucleoside made up of nitrogenous base adenine and ribose sugar . 
(b) ATP consists the nitrogenous base, adenine and the sugar, deoxyribose. 
(c) ATP is a nucleotide which contains a chain of three phosphate groups bound to ribose 
sugar. 
(d) The nitrogenous base of ATP is the actual power source. 
(iv) Nearly 95% of the energy released during cellular respiration is due to: 
(a) glycolysis occurring in cytosol 
(b) oxidative phosphorylation occurring in cytosol 
(c) glycolysis in occurring mitochondria 
( 


d) oxidative phosphorylation occurring in mitochondria 
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(v) Which of the following statements is correct: 
(a) ATP is a nucleotide which has three phosphate groups while ADP is a nucleoside which 
three phosphate groups. 
(b) ADP contains a nitrogenous bases adenine, ribose sugar and two phosphate groups bound 
to ribose. 
(c) ADP is the main source of chemical energy in living matter. 


(d) ATP and ADP are nucleosides which differ in number of phosphate groups. 


Answers 
() (d) 
() (b) 
(Glucose catabolism yields a TOTAL of 38 ATP. 38 ATP X 7.3 kcal/mol ATP = 262 kcal. 
Glucose has 686 kcal. Thus the efficiency of glucose metabolism is 262/686 X 100 = 38%. ) 
(wt) (c) (u) (d) (v) (b) 
2. Read the given passage and answer the questions that follow. [CBSE Question Bank] 


EVIDENCE FOR THE FIBROUS NATURE OF DNA 


The basic chemical formula of DNA is now well established. As shown in Figure | it consists of a 
very long chain, the backbone of which is made up of alternate sugar and phosphate groups, joined 
together in regular 3'-5' phosphate di-ester linkages. Io each sugar is attached a nitrogenous base, 
only four different kinds of which are commonly found in DNA. Two of these---adenine and 
guanine--- are purines, and the other two thymine and cytosine-are pyrimidines. A fifth base, 
5-methyl cytosine, occurs in smaller amounts in certain organisms, and a sixth, 5-hydroxy-methyl- 
cytosine, is found instead of cytosine in the T even phages. It should be noted that the chain 
is unbranched, a consequence of the regular internucleotide linkage. On the other hand the 
sequence of the different nucleotides is, as far as can be ascertained, completely irregular. Thus, 
DNA has some features which are regular, and some which are irregular. A similar conception 
of the DNA molecule as a long thin fiber is obtained from physicochemical analysis involving 
sedimentation, diffusion, light scattering, and viscosity measurements. These techniques indicate 
that DNA is a very asymmetrical structure approximately 20 A° wide and many thousands of 
angstroms long. Estimates of its molecular weight currently center between 5 Xx 10° and 10” 
(approximately 3 Xx 104 nucleotides). Surprisingly each of these measurements tend to suggest 
that the DNA is relatively rigid, a puzzling finding in view of the large number of single bonds 
(5 per nucleotide) in the phosphate-sugar back bone. Recently these indirect inferences have been 
confirmed by electron microscopy. 


BASE SUGAR 


PHOSPHATE 
BASE SUGAR/ 


PHOSPHATE 
BASE — SUGAR/ 


PHOSPHATE 
BASE SUGAR/ 


PHOSPHATE 
BASE — SUGAR/ 


PHOSPHATE 
Figure 1: Chemical formula (diagrammatic) of a single chain of deoxyribonucleic acid 


(Source: Watson, J. D., © Crick, E H. (1953, January). The structure of DNA. In Cold Spring Harbor 
symposia on quantitative biology (Vol. 18, pp. 123-131). Cold Spring Harbor Laboratory Press.) 
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The following questions are multiple choice questions. Choose the most appropriate answer: 


(i) Purines present in DNA are: 


(a) adenine and thymine 
(c) cytosine and thymine 
(ii) DNA molecule has 


(b) guanine and thymine 
(d) adenine and guanine 


internucleotide linkage and sequence of the 


different nucleotides 


(a) regular, regular 

(c) irregular, regular 
(iii) DNA has a 

(a) phosphate-purine 

(c) phosphate-sugar 


(b) regular, irregular 
(d) irregular, irregular 
___ backbone. 
(b) pyrimidines-sugar 


(d) purine-pyrimidine 


(iv) Out of the four different kinds of nitrogenous bases which are commonly found in DNA, 


Answers 


() (d) 


(a) adenine 


(22) (b) 


has been replaced in some organisms. 


(b) guanine (c) cytosine 


(d) thymine 


(wz) (c) (v) (c) 





ASSERTION-REASON QUESTIONS 


In the following questions, a statement of assertion followed by a statement of reason is given. 
Choose the correct answer out of the following choices. 


(a) 
(b) 
(c) 
(d) 


1. 
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Assertion and reason both are correct statements and reason is correct explanation for assertion. 


Assertion and reason both are correct statements but reason is not correct explanation for assertion. 


Assertion is correct statement but reason is wrong statement. 


Assertion is wrong statement but reason is correct statement. 


Assertion(A) : 
Reason (R): 


Assertion (A) : 
Reason (R): 
Assertion(A) : 
Reason (R): 


Assertion(A) : 
Reason (R): 
Assertion(A) : 
Reason (R): 


Assertion (A) 


Reason (R): 


Assertion (A) 


Reason 


: Albumin is a globular protein. 


Deoxyribose, C;H, )O, is a carbohydrate. 

Carbohydrates are hydrates of carbon so compounds which follow C,(H,O), 
formula are carbohydrates. 

D (+) - Glucose is dextrorotatory in nature. 

‘D’ represents its dextrorotatory nature. 

Reducing sugars undergo mutarotation. 


During mutarotation, one pure anomer is converted into an equilibrium mixture 
of two anomers. 


Sucrose is a non-reducing sugar. [CBSE 2020 (56/1/1)| 
Sucrose has glycosidic linkage. 
Sucrose is a non-reducing sugar. [CBSE 2020 (56/1/3)| 


Reducing groups of glucose and fructose are involved in glycosidic bond 
formation. 


[CBSE 2020 (56/2/1)| 
Polypeptide chain coils around to give a straight chain. 


: All naturally occurring a-aminoacids except glycine are optically active. 
Reason (R): 
Assertion(A) : 
Reason (R): 
Assertion(A) : 
(R) : 


Most naturally occurring amino acids have L-configuration. 
Glycine must be taken through diet. 

It is a non-essential amino acid. 

Proteins are made up of a-amino acids. 


During denaturation, secondary and tertiary structures of proteins are destroyed. 
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Answers 
1. (c) 2. (c) 3. (a) 4. (a) 5. (a) 6. (c) 7. (b) 8. (d) 
9. (b) 


HINTS/SOLUTIONS OF SELECTED MCQS 


3. (c) Glucose is an aldohexose since it consists of six carbon atoms and an aldehyde group. It is 
present in the pyranose form and not in the furanose form. 


Its cyclic structure is a six-membered ring similar to the organic compound pyran. 
18. (c) 
19. (a) Itis sucrose which is a disaccharide. On hydrolysis, it gives glucose and fructose. 
20. (b) 
21. (b) 


c) Glucose is a monosaccharide. 
b) Ribose is an example of aldopentose. It is a five carbon sugar with an aldehyde carbonyl. 


b) Aldohexoses are glucose, mannose, galactose, etc. Glucose is a carbohydrate compound 
consisting of six carbon atoms and an aldehyde group and so they are referred to as aldehexose. 


22. (b) On oxidation, glucose yields dicarboxylic acid (saccharic acid). 


CHO COOH 

buon Oxidation CHOH 
( | )4 [HNOs] ( i )4 

CHOH COOH 
Glucose Saccharic acid 


23. (c) Fructose belongs to D-series and is a laevorotatory compound. It is appropriately written as 
D-(—)-fructose. It is also called, levulose, after its laevorotatory property of rotating plane 


polarised light to the left. 


24. (d) In aqueous solution of amino acids, the carboxyl group can lose a proton and amino group 
can accept a proton, giving rise to a dipolar ion known as zwitter ion. In zwitter ionic form, 
amino acids show amphoteric behaviour as they react both with acids and bases. 

25. (c) Peptide linkage is an amide formed between -COOH group and -NH, group. 


26. (d) DNA isa type of nucleic acid. 


CHO CHO O 
| oe | | 
27. (c) (CHOH), —“*2° $ (CH—O— C—CH,), 
| | 
CH,OH CH,—O—C —CH, 


Glucose | 


Glucose pentaacetate 


28. (d) Insulin is a protein while rest are the purines and pyrimidine bases present in nucleic acids. 


29. (b) Adenine forms hydrogen bonds with thymine whereas cytosine forms hydrogen bonds with 
guanine. 


30. (d) In aqueous solution, the carboxyl group can lose a proton and amino group can accept a 
proton, giving rise to a dipolar ion known as zwitter ion. 


31. (a) Adenine forms hydrogen bonds with thymine whereas cytosine forms hydrogen bonds with 
guanine. 


32. (a) A unit formed by the attachment of a base to 1’ position of sugar is known as nucleoside. 


33. (d) The sequence of nucleotides in mRNA molecules are read in a serial order in sets of three 
(triplet) at a time. Each triplet is called a codon. It specifies one amino acid. The mRNA codon 
recognises the amino acids through ¢RNAs which carry specific amino acids. 


35. (c) Keratin is a fibrous protein present in hair, wool, silk, etc. 
36. (c) Fructose is a ketohexose and a natural monosaccharide found in fruits, honey and vegetables. 


37. (c) In zwitter ionic form, amino acids show amphoteric behaviour as they react both with acids 


and bases. 
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38. 
39. 
40. 


41. 


42. 


43. 


44. 


45. 


46. 


47. 
49. 


50. 


51. 


52. 


53. 


54. 


55. 
56. 


57. 


(a) Protein is a natural polymer of a-amino acids linked by peptide bonds. 
(c) Tyrosine or 4-hydroxyphenylalanine is a non-essential amino acid with a polar side group. 


(a) In RNA, thymine is replaced by uracil. 


H 
| 
(d) Glycine (The structure of glycine is ay oe , simplest amino acid. 
H 
glycine 


(a) Sucrose (It does not have free ketone or aldehyde groups since the reducing groups of glucose 
and fructose are involved in glycosidic bond formation) 











©) CHO COOH 
(c) 
(CHOH), — 2° (CHOH), 
| 
CH,OH CH» OH 


Gluconic acid 
(b) Acetylation of glucose with acetic anhydride gives glucose pentaacetate which confirms the 
presence of five -OH groups. 


(b) CHO—(CHOH),—HOCH, ——— 


HOOC—(CHOH)4,—COOH 
Saccharic acid 
(c) Most of carbohydrates have a general formula, C,(H O),. For example, the molecular formula 
of glucose (C,H ,,.O,) fits into this general formula, C,(H.O).. 
(c) In sucrose the two monosaccharides are held together by glycosidic linkage. 
(a) Anomers differ from each other in the configuration of C-land the carbon is known as 
anomeric carbon 


(b) 6 CHOH 


Pyran 





a-D-(+)-Glucopyranose B-D-(+)-Glucopyranose 


(a) In amino acids, there is presence of both acidic (carboxyl group) and basic (amino group) in 
the same molecule. In aqueous solution of amino acids, the carboxyl group can lose a proton 
and amino group can accept a proton, giving rise to a dipolar ion known as zwitter ion. 

(d) During denaturation secondary and tertiary structures are destroyed but primary structure 
remains intact. 

(c) When a protein in its native form, is subjected to physical change like change in temperature 
or chemical change like change in pH, the hydrogen bonds are disturbed. Due to this, globules 
unfold and helix get uncoiled and converts to fibrous protein. 

(c) a-D(+) glucose and B-D(+)-glucose differ from each other in the configuration of C-1 and are 
called as anomers. 

(d) Polysaccharides are not sweet in taste thus are called non-sugars. 

(a) When sucrose is boiled with dilute HCl or HSO; in alcoholic solution, glucose and fructose 
are obtained in equal amounts. 

(a) In D(+) glucose, ‘D’ represents configuration which means -OH group lies on right hand side 
in the structure. (+) represents dextrorotatory nature which means it rotates the plane of a 
polarized light ray to the right. 
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58. 


59. 


60. 


61. 


62. 


63. 


64. 
65. 


69. 


70. 
71. 
2 


(d) There are three amino acids that have basic side chains at neutral pH. These are Arginine, 
lysine and histidine. They contains more number of amino than carboxyl group. 

(c) The tertiary structure of proteins represents overall folding of the polypeptide chains ż.e., 
further folding of the secondary structure. It gives rise to two major molecular shapes viz. 


fibrous and globular. 
CHO 





HI 


(b) (CHOH), — 





CH,CH,CH,CH,CH,CH, 


n-Hexane 





CH, OH 


(c) Acetylation of glucose with acetic anhydride gives glucose pentaacetate which confirms the 


presence of five -OH groups. 
(a) 





A WOH 
CHoOH 


Furan a-D-(—)-Fructofuranose B-D-(—)-Fructofuranose 


(b) In proteins, polymers of a-amino acids are connected to each other by peptide bond (—CO- 
NH-.) 

(d) Aldehydes reduce Tollens reagent. 

(d) The main forces which stabilise the 2° and 3° structures of proteins are hydrogen bonds, 
disulphide linkages, van der Waals and electrostatic forces of attraction. 

(d) When the polypeptide chains run parallel and are held together by hydrogen and disulphide 
bonds, then fibrous protein is formed. 

(d) DNA contains four bases viz. adenine (A), guanine (G), cytosine (C) and thymine (T) 

(b) The simplest carbohydrate with 3 carbon atoms is glyceraldehyde, C;H,Os. 

(d) Structure of Glucose: Glucose is a six carbon straight chain aldose which has one aldehydic 

group (—CHO), one primary hydroxyl group (—CH.OH) and four secondary hydroxyl 
groups (—CHOH). 
If the —OH group attached to C-5 is on the right side, the glucose is assigned D-configuration; 
if the —OH group attached to C-5 is on the left side, it is assigned L—configuration. The (+) 
and (—) signs represent the optical rotation as dextro and laevo, respectively and have no 
relationship with D and L configuration. 





CHO CHO 
H OH HO H 
HO H H OH 
H OH HO H 
~ H—t—oH | Ho__|_H 
HOH | CHə—OH 


D-(+)-Glucose L-(—)-Glucose 
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73. (d) The amino acids are the end products of the digestion of proteins. So, the correct option is 
albumin. 


74. (c) a-Helix is one of the most common ways in which a polypeptide chain forms all possible 
hydrogen bonds by twisting into a right handed screw (helix) with the -NH group of each 
amino acid residue hydrogen bonded to the CO of an adjacent turn of the helix. 


75. (d) Benzidine is not an amino acid it is an aromatic amine. 
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PRACTICE PAPER 


o1 





Time: 90 minutes Max. Marks: 35 
General Instructions: 


(i) All questions are compulsory. 
(it) There are 35 questions in all. 


(iii) This question paper contains Multiple Choice Questions (MCQs), Case-based MCQs and 
Assertion-Reason MCQs. 


(iv) Only one of the options in every question is correct. 


(v) An OMR sheet of every practice paper is given. The candidate has to give his/her answer 
of the question by darkening the circle against that question. 


Question numbers 1 to 20 are multiple choice questions. Choose the correct option. 


1. In the following figure the anionic site occupied by unpaired electron is known as 





(a) Dislocation defect (b) Interstitial defect 
(c) Schottky defect (d) F-centre 


2. 50 mL ofan aqueous solution of glucose C,H ,;.O, (Molar mass: 180 g/mol) contains 6.02 x iv 
molecules. The concentration of the solution will be 


(a2) 0.1 M (b) 0.2 M (c) 1.0M (d) 2.0 M 


3. Which of the following statement is incorrect about dinitrogen? 


(a) It shows strong catenation power. (b) It has px — px bonding. 
(c) It has high electronegativity. (d) It has high ionisation enthalpy. 
4. Identify A, B, C and D. 
D 
-+ 
+ CH,ONa 
KNO» +KOH(aq) 
C CH;Br—————> A 
| +AgNO, 
B 
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a) A= CHy, B = CH,ONO, C = CH,NO,, D = CH,—O—CH, 
b) A = CH,—OH, B = CH,ONO, C = CH,;NO,, D = CH;—O—CH, 
c) A = CH,—OH, B = CH,NO,, C = CH,ONO, D = CH,—CH, 

d) A = CH,—OH, B = CH,NO,, C = CH,ONO, D = CH,—O—CH, 


5. What is the correct order of reactivity of alcohols in the following reaction? 


( 
( 
( 
( 


R—OH + HCI—"- R—CI + H,O 
(a) 1° > 2° > 3° (b) 1° < 2° > 3° (c) 8° > 2°>1° (d) 3° > 1° > 2° 


6. Peptide linkage is present in 
(a) Carbohydrates (b) Vitamins (c) Proteins (d) Rubber 

7. In a face centred cubic lattice, atom A occupies the corner positions and,atom B occupies 
the face centre positions. If one atom of B is missing from one of the face centred points, the 
formula of the compound is: 
(a) ABy (b) AgBs (c) AgBs (d) AB 

8. The system that forms maximum boiling azeotrope 
(a) ethyl alcohol-water (b) benzene-toluene 


(c) acetone-chloroform (d) carbon disulphide-acetone 


9. Which of the following elements does not show allotropy? 


(a) Nitrogen (b) Phosphorus 
(c) Antimony (d) Bismuth 
10. Which of the following statement is correct? 
(a) SO, is an oxidising agent. (b) TeO, is a reducing agent. 
(c) SO, is a reducing agent. (d) Both (a) and (c) 
11. The correct order of increasing bond dissøciation enthalpy is: 
(a) Fy > Ch > Bro > Io (b) Fə < Cl, < Bro < Ib 
(c) Fo < Cl, > Bry > I, (d) I, < F, < Bro < Cl, 


12. In the preparation of compounds of Xe, Bartlett had taken 0% Pt; as a base compound. This 
is because: 


(a) both O, and Xe have same size. 
(b) 
(c) both Os and Xe have almost same ionisation enthalpy. 
(d) both Xe and Os are gases. 


13. Racemisation occurs in 


both O, and Xe have same electron gain enthalpy. 


(a) Sy2 reaction (b) Sy] reaction 
(c) Neither Sy2 nor Sx1 reactions (d) Sy2 reaction as well as Sy1 reaction 
14. Which is the correct IUPAC name for CH, —CH—CH,—Br? 


C, H; 
(a) 1-Bromo-2-ethylpropane (b) 1-Bromo-2-ethyl-2-methylethane 
(c) 1-Bromo-2-methylbutane (d) 2-Methyl-1-bromobutane 
15. Picric acid is 
(a) 2,4,6-trinitrotoluene (b) 2,4,6-tribromoethanol 
(c) 2,4,6-trinitrophenol (d) 1,3,5-trinitrobenzene 
16. Which of the following compound does not react with metallic sodium? 
(a) CH,CH(OH)CH, (b) CH,—O—CH, 
(c) CH,COOH (d) C,;H;OH 
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17. The correct order of acidic strength of chlorophenols is 
(a) p-chlorophenol < m-chlorophenol< o-chlorophenol < phenol 
(b) phenol < m-chlorophenol < p-chlorophenol < o-chlorophenol 
(c) o-chlorophenol > m-chlorophenol > p-chlorophenol > phenol 
(d) phenol < p-chlorophenol < m-chlorophenol < o-chlorophenol 


18. Mark the correct increasing order of reactivity of the following compounds with HBr/HCI. 
a CHOH CHOH 
] Cl 
I II Ill 
(a) 1< II <TIIl (b) II< I< II 
(c) I< III <I (d) II <II<I 
19. Which of the following statements is not true about glucose? 
(a) It is an aldohexose. (b) On heating with HI it forms n-hexane. 
(c) It is present in furanose form. (d) It does not give 2,4-DNP test. 
20. Which of the following base is not present in DNA? 


(a) Adenine 
(c) Uracil 


(b) Guanine 
(d) Cytosine 


Case-based Question-I 


Read the given passage and answer the questions that follow: 


The common oxidation states of group 15 elements are -3, +3 and + 5. Bismuth hardly forms 
any compound in — 3 oxidation state as the tendency to exhibit — 3 oxidation state decreases down the 
group. When nitrogen reacts with oxygen, it also exhibits + 1, + 2 and + 4 oxidation states besides + 5. 
Nitrogen exists as a diatomic molecule with a triple bond. Nitrogen has weaker catenation tendency as 
the single N—N bond is weaker owing to the small bond length. 


In these questions (Q. No 21 to 24), a statement of assertion followed by a statement of reason is 
Choose the correct answer out of the following choices. 


given. 


(a) 
(b) 


(c) 
(d) 


21. 


22. 


23. 


24. 


Assertion and reason both are correct statements and reason is correct explanation for 


assertion. 


Assertion and reason both are correct statements but reason is not correct explanation for 


assertion. 


Assertion is correct statement but reason is wrong statement. 


Assertion is wrong statement but reason is correct statement. 


Assertion (A) 


Reason (R) 


Assertion (A) : 
(R) : 
Assertion (A) : 


Reason 


Reason (R) 
Assertion (A) 


Reason 


: Nitrogen does not form compounds in +5 oxidation state with halogens. 


: All oxidation states of nitrogen from +1 to +4 tend to disproportionate in acid 


solution. 

NH, has higher boiling point than PH. 

NH, undergoes intermolecular hydrogen bonding. 

In group 15 elements, the stability of +5 oxidation state increases down the 


group. 


: This is due to inert pair effect. 
: The single N—N bond is weaker than the single P—P bond. 
(R) : 


Nitrogen does not have d orbitals. 
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Case-based Question-II 


Read the given passage and answer the questions that follow: 


In a hexagonal system of crystals, a frequently encountered arrangement of atoms is described as 
a hexagonal prism. Here, the top and bottom of the cell are regular hexagons, and three atoms are 
sandwiched between them. A space-filling model of this structure, called hexagonal close-packed, is 
constituted of a sphere on a flat surface surrounded in the same plane by six identical spheres as closely 
as possible. Three spheres are then placed over the first layer so that they touch each other and represent 
the second layer. Each one of the three spheres touches three spheres of the bottom layer. Finally the 
second layer is covered with third layer identical to the bottom layer in relative position. 


In these questions (Q. No 25 to 28), Choose the correct option. 


25. 


26. 


rae 


28. 


The coordination number of a metal crystallizing in a hexagonal close packed structure is: 


(a) 12 (b) 4 (c) 8 (d) 6 
The percentage of empty space in hcp unit cell is: 
(a) 74% (b) 48.6% (c) 32% (d) 26% 


The number of atoms present in a hexagonal close packed unit cellis: 


(a) 4 


(b) 6 (c) 8 (d) 12 


The number of tetrahedral and octahedral holes in a hexagonal primitive unit cell are: 


(a) 8,4 


(b) 6, 12 (c) 2,1 (d) 12,6 


In these questions (Q. No 29 to 35), a statement of assertion followed by a statement of reason is 
Choose the correct answer out of the following choices. 


Assertion and reason both are correct statements and reason 1s correct explanation for 


given. 


(a) 
(b) 


(c) 
(d) 


29. 


30. 


ais 


32. 


33. 


34. 


a: 


assertion. 


Assertion and reason both are correct statements but reason is not correct explanation for 


assertion. 


Assertion is correct statement but reason is wrong statement. 
Assertion is wrong statement but reason is correct statement. 


Assertion (A) 


Reason 


Reason (R) 
Assertion (A) 
Reason, (R) 
Assertion (A) 


Reason 


Assertion (A) : 
(R) : 
Assertion (A) : 


Reason 


Reason 


(R) 


Assertion (A) : 
(R) : 


Reason 
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(R) : 


- Term—1 


: Osmotic pressure is a colligative property. 
(R) : 
Assertion (A) : 


Osmotic pressure is directly proportional to molarity. 


F—F bond in F, molecule is weak. 


: F atom is small in size. 
: Sucrose isa non-reducing sugar. 


: Reducing groups of glucose and fructose are involved in glycosidic bond 


formation. 


: Amorphous solids are isotropic in nature. 


The constituents particles in amorphous solids are not in a definite pattern and 
have short range order. 

Boiling points of alkyl halides decrease in the order R—I > R—Br > R—C] > R—F. 
Van der Waals forces decrease with increase in the size of halogen atom. 


Methoxy ethane reacts with HI to give ethanol and iodomethane. 


: Reaction of ether with HI follows Sy2 mechanism. 


Bond angle in ethers is slightly less than the tetrahedral angle. 
There is a repulsion between the two bulky (—R) groups. 
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Time: 90 minutes Max. Marks: 35 


General Instructions: Same as Practice Paper—1. 


Question numbers 1 to 20 are multiple choice questions. Choose the correct option. 


1. 


The freezing point of the solution which has 0.1 mole of sugar dissolved in 250 g of water is 
(freezing point depression constant for water =1.86°C/m) 


(a) 1.86°C (b) —0.460°C 

(c) — 0.744°C (d) 0.460°C 

Which of the following crystals does not exhibit Frenkel defect? 

(a) AgBr (b) AgCl 

(c) KBr (d) ZnS 

Which of the following is vinylic alcohol? 

(a) CH, = CH—CH,—OH (b) CH;—CH,»,—CH»—OH 
(c) CH, = CH—OH (d) CsH;—OH 


The number of structural isomers possible for compound having molecular formula C;H;;Br 
is 


(a) 7 (b) 8 

(c) 10 (d) 6 

Silver bromide generally show 

(a) Schottky defect (b) Frenkel defect 
(c) both Frenkel and Schottky defect (d) none of these 
Which of the following is an isoelectronic pair? 

(a) IClo, ClO, (b) BrO;, BrF5 
(c) ClO,, BrF (d) CN’, O; 


Identify A, B, C and D. 


D 


KCN 


AgCN CH; Cl alc. KOH A 


i KOH 


B 


C 


(a) A = CH4, B = CsH,OH, C = CoH;NC, D = C5H;CN 
(b) A = C,H,OH, B = CH4, C = CoH;CN, D = CH;NC 
(c) A = C,H,, B = C,H,OH, C = CH,CN, D = C,H;NC 
(d) A = C,H,OH, B = CH4, C = C,H;NC, D = C,H,CN 
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10. 


11. 


12. 


13. 


14. 


15. 


16. 


17. 


18. 


19. 


1.00 m KCI solution means 

(a) 1 mol of KCI dissolved in 1 kg of water 

(b) 1 mol of KCI dissolved in 1 L of water 

(c) 1 mol of KCI dissolved in 100 g of solution 
(d) 1 mol of KCI dissolved in 1000 g of solution 


Affinity for hydrogen decreases in the group from fluorine to iodine. Which of the halogen 
acids should have highest bond dissociation enthalpy? 

(a) HF (b) HCI 

(c) HBr (d) HI 

Bond dissociation enthalpy of E—H (E = element) bonds is given below. Which of the 
compounds will act as strongest reducing agent? 


Compound NH, PH, AsH, SbH, 
A aig(E—H)/kJ] mol 389 322 297 255 
(a) NHs (b) PHs 

(c) AsH, (d) SbH, 

Which of the following elements can be involved in px—dz bonding? 

(a) Carbon (b) Nitrogen 

(c) Phosphorus (d) Boron 

The process of converting alkyl halides into alcohols involves 

(a) addition reaction (b) substitution reaction 

(c) dehydrohalogenation reaction (d) rearrangement reaction 


Which of the following is not an essential amino acids? 


(a) Histidine (b) Lysine 

(c) Valine (d) Glycine 

Concentrated nitric acid reacts with iodine to give 

(a) HI (b) HOI 

(c) HOIO, (d) HOIO, 

Which of the following reaction is the evidence for presence of carbonyl group in glucose? 
(a) Reaction of glucose with HI (b) Reaction of glucose with Bro water 

(c) Reaction of glucose with HCN (d) Reaction of glucose with acetic anhydride 
Which of the following method is not used to prepare chlorine gas? 

(a) Deacon's process (b) Electrolytic process 

(c) KMnO, + HCl (d) By the action of Cl and Halogen 

Identify the correct pair of neutral oxides 

(a) NO and N,O (b) CO and N,O 

(c) CO and NO (d) All are correct 

IUPAC name of m-cresol is b 

(a) 3-methylphenol (b) 3-chlorophenol 

(c) 3-methoxyphenol (d) Benzene-1,3-diol 

Which one of the following amino acids can be synthesized in the body? 

(a) Lysine (b) Valine 

(c) Isoleucine (d) Alanine 
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20. The correct order of increasing bond dissociation enthalpy is: 
(a) F> > Cl, > Bry > I, (b) Fə < Cl, < Bro < I, 
(c) Fə < Cl > Bro > Iob (d) Io < Fə < Bro < Cls 


Case-based Question-I 


Read the given passage and answer the questions that follow: 


Raoult’s law should not be in the introductory chemistry curriculum. It is unlikely that a student 
ever will need to know the vapour pressure of a solution and, if they do, Raoult’s unreliable guidance 
will deceive more often than it helps. 


It works only for dilute solutions (and then only for the solvent, not the solute, and not for polymers) 
or for solutions in which the intermolecular forces within the pure solute and solvent are very similar to those 
between the solvent and solute in the solution. This is the case, for example, with n-hexane/n-hexadecane 
or dextrose/water. It fails completely when either component is a polymer, even at infinite dilution. 

Deviations from Raoults’ law are occasionally used to illustrate the effect of intermolecular interaction 
between solute and solvent. The discussion always is held to small deviations that cause only curvature 
of the tie line on graphs of vapour pressure against composition thus conveying the impression that 
Raoult’s law is usually a reasonable approximation. Intermolecular interactions are illustrated more 
usefully by their effect on solubility and the practical problem of choosing a solvent, abandoning the 
archaic “like dissolves like” in favour of a discussion of dipole-dipole, dipole-induced dipole, London, 
H-bond and electron donor-acceptor interactions. 


The deviation from Raoult’s law may be expressed by an activity coefficient y thus 
bw 
For Raoult’s law to apply, g must be unity. It may be several orders of magnitude in real solutions. 


(Reference: Journal of Chemical Education; Stephen J. Hawkes, 
Oregon State University, Corvallis, OR 97331.) 


In these questions (Q. No 21 to 24), a statement of assertion followed by a statement of reason is 
given. Choose the correct answer out of the following choices. 


(a) Assertion and reason both are correct statements and reason is correct explanation for 
assertion. 


(b) Assertion and reason both are correct statements but reason is not correct explanation for 
assertion. 


(c) Assertion is correct statement but reason is wrong statement. 
(d) Assertion is wrong statement but reason is correct statement. 


21. Assertion(A) : An ideal solution obeys Raoult’s law. 


Reason (R) : In an ideal solution, solute-solute as well as solvent-solvent interactions are 
similar to solute-solvent interactions. 


22. Assertion(A) : If one component of a solution obeys Raoult’s law over a certain range of 
composition, the other component will not obey Henry’s law in that range. 


Reason (R) : Raoult’s law is a special case of Henry’s law. 
23. Assertion(A) : Raoult’s law is not applicable for concentrated solutions. 


Reason (R) : Raoult’s law is applicable only for solutions which undergo association and 
dissociation. 


24. Assertion (A) : Acetone and aniline shows negative deviations from Raoult’s law. 


Reason (R) : Hydrogen-bonding between acetone and aniline is stronger than that between 
acetone-acetone and aniline-aniline. 
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Case-based Question-II 


Read the given passage and answer the questions that follow: 


An efficient, aerobic catalytic system for the transformation of alcohols into carbonyl compounds 
under mild conditions, copper-based catalyst has been discovered. This copper-based catalytic system 
utilizes oxygen or air as the ultimate, stoichiometric oxidant, producing water as the only by-product 

5% CuCl; 5% Phen; 


R 2 equiv. K,CO,; RN 
EEEE — 

Ros OH 5% DBADH,; O;; / 3 

H Toluene; 70° to 90°C RS 9 


A wide range of primary, secondary, allylic, and benzylic alcohols can be smoothly oxidized to the 
corresponding aldehydes or ketones in good to excellent yields. Air can be conveniently used instead of 
oxygen without affecting the efficiency of the process. However, the use of air requires slightly longer 
reaction times. 

This process is not only economically viable and applicable to large-scale reactions, but it is also 
environmentally friendly. 


(Reference: Ohkuma, T., Ooka, H., Ikarwa, T., © Noyori, R. (1995). Preferential hydrogenation of aldehydes 
and ketones. Journal of the American Chemical Society, 117(41), 10417-10418.) 


In these questions (Q. No 25 to 28), Choose the correct option. 

25. The Copper based catalyst mention in the study above can be used to convert: 
(a) propanol to propanonic acid (b) propanone to propanoic acid 
(c) propanone to propan-2-ol (d) propan-2-ol to propanone 

26. The carbonyl compound formed when ethanol gets oxidised using this copper-based catalyst 
can also be obtained by ozonolysis of: 
(a) But-l-ene (b) But-2-ene 
(c) Ethene (d) Pent-l-ene 

27. Benzyl alcohol on treatment with this copper-based catalyst gives a compound ‘A’ which on 
reaction with KOH gives compounds ‘B’ and ‘C’. Compound ‘B’ on oxidation with KMnO,- 
KOH gives compound ‘C’. Compounds ‘A’, ‘B’ and ‘C’ respectively are: 
(a) Banzaldehyde, Benzyl alcohol, potassium salt of Benzoic acid 
(b) Banzaldehyde, potassium salt of Benzoic acid, Benzyl alcohol 
(c) Banzaldehyde, Benzoic acid, Benzyl alcohol 
(d) Benzoic acid, Benzyl alcohol, Benzaldehyde 

28. An organic compound ‘X’ with molecular formula C,H,O on reaction with this copper based 
catalyst gives compound ‘Y’ which reduces Tollen’s reagent. ‘X’ on reaction with sodium metal 
gives ‘Z’ . What is the product of reaction of ‘Z’ with 2-chloro-2-methylpropane? 
(a) CH,;CH,CH,OC(CHs). (b) CH,;CH,OC(CHs), 
(c) CH»=C(CHs)o (d) CH;CH»CH=C(CHs)> 


In these questions (Q. No 29 to 35), a statement of assertion followed by a statement of reason is 
given. Choose the correct answer out of the following choices. 


(a) Assertion and reason both are correct statements and reason is correct explanation for 
assertion. 


(b) Assertion and reason both are correct statements but reason is not correct explanation for 
assertion. 


(c) Assertion is correct statement but reason is wrong statement. 
(d) Assertion is wrong statement but reason is correct statement. 
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29. 


30. 


Sl 


32. 


33. 


34. 


35. 


Assertion (A) 
Reason (R) 
Assertion (A) 
Reason (R) 
Assertion (A) 
Reason (R) 


Assertion (A) 
Reason (R) 
Assertion (A) 


Assertion (A) 
Reason (R) 


: Oxygen shows catenation behaviour more than sulphur. 

: Sulphur can’t expand its valency because of presence of vacant d-orbitals. 
: Glass is supercooled liquid. 

: The constituent particles in glass has short range order. 

: Sulphur exhibits paramagnetic behaviour in the vapour state. 


: In vapour state, sulphur partly exists as S molecules which have two unpaired 


electrons in anti bonding n* orbital. 


: The two strands are complementary to each other 
: The hydrogen bonds are formed between specific pairs of bases. 


: Aquatic species are more comfortable in cold waters rather than in warm waters. 


Reason (R): 


Different gases have different Ky values at the same temperature. 


: Hydrolysis of (—)-2-bromooctane proceeds with inversion of configuration. 
: This reaction proceeds through the formation of a carbocation. 

Assertion (A) : 
Reason (R): 


Phenol on bromination in CS, at low temperature forms monobromophenols. 


In CSg, ionisation of phenol is greatly enhanced. 
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PRACTICE PAPER 03 


Time: 90 minutes Max. Marks: 35 


General Instructions: Same as Practice Paper-1. 


Question numbers 1 to 20 are multiple choice questions. Choose the correct option. 
1. The crystal with metal deficiency defect is 


(a) LiCl (b) NaCl 
(c) FeO (d) ZnO 
2. The value of Henry’s constant K,, is O 
(a) greater for gases with higher solubility. (b) greater for gases with lower solubility. 
(c) constant for all gases. (d) not related to the solubility of gases. 


3. When glucose reacts with HI it gives 

(a) Gluconic acid (b) n-hexane 

(c) Saccharic acid (d) Methyl iodide 
4. The correct increasing order of acidic strength is 

(a) Propan-l-ol < 4-methyl phenol < phenol 

(b) Propan-l-ol > 4-methyl phenol > phenol 

(c) 4-methyl phenol > phenol > propan-1-ol 

(d) Propan-l-ol > phenol > 4-methyl phenol 


5. Which of the following structures is enantiomeric with the molecule (A) given below: 


H 
| CH, 
a cS 
H,C 
5C2 Np. 
(A) 
|. | 
yw H yr CoH 
(a) ES (b) Co 
— Ho~ 
H5Cs a \ 
Ncn, Br 
CH, H 
(c) bo . (d) | wr Br 
Bra N HC N 
CoH, CoH; 
6. What is the structure of IF, 
(a) Square pyramidal (b) Pentagonal bipyramidal 
(c) Bent T-shape (d) Octahedral 
7. In simple cubic lattice the percentage of filled spaces is 
(a) 68% (b) 74% 
(c) 36% (d) 52.4% 
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10. 


I1. 


12. 


13. 


14. 


15. 


16. 


Lis 


18. 


Which of the following is steam volatile 

(a) Phenol (b) m-nitrophenol 

(c) o-nitrophenol (d) p-nitrophenol 

Toluene reacts with a halogen in the presence of iron (III) chloride giving ortho and para halo 
compounds. The reaction is ‘ 

(a) electrophilic elimination reaction (b) electrophilic substitution reaction 

(c) free radical addition reaction (d) nucleophilic substitution reaction 
Considering the formation, breaking and strength of hydrogen bond, predict which of the 
following mixtures will show a positive deviation from Raoult’s law? 

(a) Methanol and acetone. (b) Chloroform and acetone. 


(c) Nitric acid and water. (d) Phenol and aniline. 


The correct order of electron gain enthalpy is 


(a) He < Ne > Ar = Kr > Xe > Rn (b) He < Ne < Ar < Kr < Xe < Rn 
(c) He > Ne > Ar > Kr > Xe > Rn (d) He = Ne > Ar > Kr > Xe > Rn 
NH, has higher melting and boiling points than that of PH, because of 

(a) Low electronegativity and small size (b) Small size and high electronegativity 
(c) ability of formation of pr—pr bonding (d) High basic character. 

Which of the following hydrohalic acids has the highest value of dipole moment? 
(a) HF (b) HCl 

(c) HBr (d) HI 

Which of the following is not tetrahedral in shape? 

(a) NH} (b) SiCl, 

(c) SF, (d) SOF- 

Which of the following is not a crystalline solid 

(a) Polyurethane (b) Potassium nitrate 

(c) Copper (d) Benzoic acid 


At a given temperature, osmotic pressure of a concentrated solution of a substance 


(a) is higher than that of a dilute solution. 

(b) is lower than that of a dilute solution. 

(c) is same as that of a dilute solution. 

(d) cannot be compared with osmotic pressure of dilute solution. 
Which of the following pairs give positive Tollen’s test? 

(a) Glucose, sucrose (b) Fructose, sucrose 


(c) Glucose, fructose (d) None of these 


Identify the correct structure of 1-bromo — 2-meththylbut-2-ene 


H.C H HC CH3 
(a) = H (b) ~ \ /H 
H Br H Br 
HC CH; 
CH, CH, H.C H 
e) f-\ / (d) —\ /H 
H Bı ui Bı 
H H 
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19. Acetylation of glucose with acetic anhydride shows the presence of 
(a) five —OH groups (b) a straight chain 
(c) one carbonyl group (d) primary alcoholic group 
20. Which of the following solid is conductors in solid state as well as in molten state? 
(a) Fe (b) H,O (ice) 
(c) NaCl (d) C(graphite) 


Case-based Question-I 


Read the given passage and answer the questions that follow: 


Chloroform reacts with aqueous sodium phenoxide only very slowly at 35°, but in the presence 
of sodium hydroxide, it reacts rapidly to give o- and p-hydroxybenzaldehydes (the Remmer-Tiemann 
reaction). This observation shows that the Riemer-Tiemann reaction is not initiated by the nucleophillic 
attack of phenoxide ion on chloroform. This reaction instead appears to involve the reaction of 
chloroform with hydroxide ion to give dichloromethylene which then reacts with phenoxide ion. From 
the effect of sodium phenoxide concentration on the yields of aldehydes, the relative rate constant for 
the combination of dichloromethylene with the oxygen atom as well as the o- and p-carbon atoms of the 
phenoxide ion may be calculated (relative to the rate constant for combination with water). The reaction 
of phenols with chloroform and aqueous alkali to give o- and p-hydroxy benzaldehydes was discovered 
by Reimer and elucidated in collaboration with Tiemann. The mechanism most commonly written in 
current references to the reaction involves an S,2 attack of the o- or p-carbon atom of a phenoxide ion 
on chloroform followed by tautomerism of the product to a substituted benzal chloride that is then 
rapidly hydrolyzed. It has also been proposed that the phenoxide ion combines with dichloromethylene 
generated by the action of alkali on chloroform. 


Iy 

© CIO + CHCl,h—~> 
CHO CHO 

H —_—_——> 


(ii) CHCl, + OH™ 





CCl, + H,O 





x — ke 
cc; —— Col, 


O iS) 
4 , “CCl; 
Coa + CCl ——> H 
e N G~ 
CCl; CHO 
K — O 


(Reference: Contribution from the School of Chemistry of the Georgia Institute of Technology: The 
mechanism of the Riemer-Tiemann reaction. 


By Jack Hine and James M. Van der Veen Received May 18, 1959) 


In these questions (Q. No 21 to 24), a statement of assertion followed by a statement of reason is 
given. Choose the correct answer out of the following choices. 


(a) Assertion and reason both are correct statements and reason is correct explanation for 
assertion. 


(b) Assertion and reason both are correct statements but reason is not correct explanation for 
assertion. 


174] Chemistry—Xll: Term-1 WWW.JEEBOOKS.IN 


(c) 
(d) 


21. 


22. 


23. 


24. 


Assertion is correct statement but reason is wrong statement. 


Assertion is wrong statement but reason is correct statement. 


Assertion (A) 


Reason (R) 
Assertion (A) 
Reason 


Assertion (A) 


Reason 


Reason (R) 


(R) : 
Assertion (A) : 


: Reimer-Tiemann reaction of phenol with CCl, in NaOH at 340 K gives Salicylic 


acid as the major product. 


: The reaction occurs through intermediate formation of dichlorocarbene . 
: Reimer-Tiemann reaction of phenol yields salicylic acid. 


(R) : 


Ethers may be prepared by Williamson synthesis. 


: The Reimer—lTiemann reaction is a chemical reaction used for the ortho- 


formylation of phenols. 
It is used in the conversion of phenol to salicylaldehyde. 


NaHCO, + CHCl, reagent is used in the Reimer-Tiemann reaction . 


: The chloroform is deprotonated by the strongly basic aqueous hydroxide 


solution, giving the chloroform carbanion. 


Case-based Question-II 


Read the given passage and answer the questions that follow: 


Oxygen is the most abundant of all the elements on earth. Oxygen forms about 46.6% by mass 


of earth’s crust. Dry air contains 20.946% oxygen by volume .However, the abundance of sulphur in 


the earth’s crust is only 0.03-0.1%. Combined sulphur exists primarily as sulphates such as gypsum 
CaSO,.2H.O, epsom salt MgSO,.7H.O, baryte BaSO, and sulphides such as galena PbS, zinc blende ZnS, 
copper pyrites CuFeS, Traces of sulphur occur as hydrogen sulphide in volcanoes. Organic materials 
such as eggs, proteins, garlic, onion, mustard, hair and wool contain sulphur. Selenium and tellurium 


are also found as metal selenides and tellurides in sulphide ores. Polonium occurs in nature as a decay 


product of thorium and uranium minerals. Livermorium is a synthetic radioactive element. 


In these questions (Q. No 25 to 28),Choose the correct option. 


25. 


26. 


7 


28. 


Which of the following group. 16 elements show maximum catenation property? 


(a) O 


(a) O 


Which of the following is most volatile? 


(b) S (c) Se (d) Po 
Which of the following group 16 elements does not exist in —2 oxidation state? 

(b) S (c) Se (d) Te 

(b) HoS (c) HoSe (d) HoTe 


(a) H5O 


Which of the following is the wrong statement? 


(a) Ozone is diamagnetic gas 


(c) O molecule is bent 


(b) Os is paramagnetic 


(d) O—O bond lengths in ozone are unequal 


In these questions (Q. No 29 to 35), a statement of assertion followed by a statement of reason is 
given. Choose the correct answer out of the following choices. 


(a) 
(b) 


(c) 
(d) 


Assertion and reason both are correct statements and reason is correct explanation for 


assertion. 


Assertion and reason both are correct statements but reason is not correct explanation for 


assertion. 


Assertion is correct statement but reason is wrong statement. 


Assertion is wrong statement but reason is correct statement. 
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29. 


30. 


31. 


32. 


ct 


34. 


oo. 


Assertion (A) : 
Reason (R): 
Assertion (A) : 


Reason (R) 


Assertion (A) 


Assertion (A) 
Reason (R) 


Assertion (A) : 


Reason (R) 


Assertion (A) : 


Reason (R): 


Assertion (A) 
Reason (R) 


F, has lower bond dissociation enthalpy than Clo. 
Fluorine is more electronegative than chlorine. 


Phenol is more acidic than p-methylphenol. 


: The presence of an electron releasing group in p-methylphenol makes it less 


acidic. 


: Albumin is a globular protein. 


Reason (R): 


Polypeptide chain coils around to give a straight chain. 


: The total number of atoms present in a simple cubic unit cell is one. 


: Simple cubic unit cell has atoms at its corners, each of which is shared between 


eight adjacent unit cells. 


Nitric acid and water form maximum boiling azeotrope. 


: Azeotropes are binary mixture shaving the same composition in liquid and 


vapour phase. 


In monohaloarenes, further electrophilic substitution occurs at ortho and para 
positions. 


Halogen atom is a ring deactivator. 


: When NaCl is added to water a depression in freezing point is observed. 


: The lowering of vapour pressure of a solution causes depression in the freezing 


point. 


Answers of Practice Paper-01 


1. (d) E (d) 
9. (a) 0. (d) 
17. (c) i (c) 
25. (a) 26. (d) 
33. (c) 34. (a) 


Answers of Practice Paper—02 


1. (a) 2. (c) 
9. (a) 10. (d) 
17. (d) 18. (a) 
25. (d) 26. (b) 
33. (b) 34. (c) 


Answers of Practice Paper-—03 


1. (c) 2. (a) 
9. (b) 10. (a) 
17. (c) 18. (b) 
25. (b) 26. (d) 
33. (b) 34. (b) 


3. (a) 4. (d) 5. (c) 6. (c) 7. (c) 8. (c) 

es (d) 12. (c) 13. (b) 14. (c) 15. (c) 16. (b) 

9. (c) 20. (c) 21. (b) 22. (a) 23. (d) 24. (b) 

7. (b) 28. (b) 29. (a) 30. (a) 31. (a) 32. (a) 
“4 (d) 

3. (c) 4. (b) 5. (c) 6. (b) 7. (a) 8. (a) 
11. (c) 12. (b) 13. (d) 14. (c) 15. (c) 16. (d) 
19. (d) 20. (d) 21. (a) 22. (b) 23. (c) 24. (a) 
27. (a) 28. (c) 29. (d) 30. (b) 31. (a) 32. (a) 
35. (c) 

3. (b) 4. (d) 5. (b) 6. (b) 7. (d) 8. (c) 
11. (a) 12. (b) 13. (a) 14. (c) 15. (a) 16. (a) 
19. (a) 20. (a) 21. (c) 22. (d) 23. (b) 24. (a) 
27. (b) 28. (d) 29. (b) 30. (a) 31. (c) 32. (a) 
35. (a) 
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Use Blue/Black Ball Point only to write on this Answer Sheet. Use of Pencil is strictly prohibited. 


The candidate should check carefully that the Test Booklet Code on SIDE-2 of the ANSWER SHEET is the same 
as printed on Test Booklet. In case of discrepancy, the candidate should immediately report the matter to the 
invigilator for replacement of both the Test Booklet and the Answer Sheet. 


Do not use white/correction fluid on this Answer Sheet. 


Overwriting, Cutting and Erasing on the Answer Sheet is not allowed. Do not make any stray mark on the Answer 
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Rough work must not be done on this Answer Sheet. Use last page of the Test Booklet for rough work. 
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(i) Darken the complete circle. A light or faintly darkened circle is liable to be rejected by the optical scanner. 





















































(ii) Darken only one circle for response against each question. The response once marked is not liable to be 
changed. More than one response indicated against a question will be deemed as incorrect response. 


(ili) If the candidate does not want to attempt any question, he/she should not darken the circle against that 
question. 


(iv) For the purpose of evaluation, the Test Booklet Code as printed in the Answer Sheet on SIDE-2 will be 
accepted as final. 


(v) Way of marking: If your response for question number 3 is a, darken as shown in correct method: 


EXAMPLE-HOW TO FILL SIDE-2 CORRECT METHOD 


If your Centre Number is 2009, If your Text Booklet 
write as Number is 056789 


write as 


Centre Number 2ļjojoj9| — WRONG METHOD 


5|6|7|s|9 
If your Roll Number is 6101234, ojs 


write as 
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PRACTICE PAPER-1 E s2 B 


ANSWER SHEET NUMBER 


ANSWER SHEET o 


Use English Numbers/letters only. Use Blue/Black Ball Point Pen to write in box. 


Test Booklet Code 


Centre Number 


Roll Number 
in figures 
Roll Number 
in words 


Test Booklet Number 








IMPORTANT 


The Candidate should check that the Test Booklet Code printed on the Answer Sheet is the same as 
printed on the Test Booklet. In case of discrepancy, the candidate should immediately report the matter 
to the invigilator for replacement of both the Test Booklet and the Answer Sheet. 





Candidate's Name in CAPITAL letters as given in Admit Card 


BELGRAT R oae 





Response Q. No. Response . No. Response 


Lo) 


© © OO OD OOOO GO Os] 
©CO©OOSHOOOOGO GO 
OOOO OO OOOO O O 
©© © 66 OG OO © © © Oa 
© OOOO OOO © © © Gs 
©COGOGOGOO OOO SO G& 
OOOOOOOOOOOO 
©O©OG GG OGG GOO SO & 
OOO OOO OOOO Os 
O©COOGOGOOOOO O&O 
OOOO OOO OOO O 
©O©OO OGG OOO Ga 





Signature of Candidate (in running hand) Signature of Invigilator 


Before handing over the Answer Sheet to the invigilator, the candidate should check that Centre Number, 
Roll Number, Test Booklet Number and Candidate’s Name have been filled in correctly. 





PRACTICE PAPER-2 SIDE-1 


GENERAL INSTRUCTIONS FOR CANDIDATES 


1. 
2: 


Roll Number 
nfigues [6|1/0/1/2/3|4 


Roll Number SIXTY ONE LAKH ONE THOUSAND TWO 
in words HUNDRED THIRTY FOUR 





Use Blue/Black Ball Point only to write on this Answer Sheet. Use of Pencil is strictly prohibited. 


The candidate should check carefully that the Test Booklet Code on SIDE-2 of the ANSWER SHEET is the same 
as printed on Test Booklet. In case of discrepancy, the candidate should immediately report the matter to the 
invigilator for replacement of both the Test Booklet and the Answer Sheet. 


Do not use white/correction fluid on this Answer Sheet. 


Overwriting, Cutting and Erasing on the Answer Sheet is not allowed. Do not make any stray mark on the Answer 
Sheet. 


Rough work must not be done on this Answer Sheet. Use last page of the Test Booklet for rough work. 
Use English Numbers/letters only to write on SIDE-2 of the Answer Sheet 


Write Centre Number, Roll Number, Test Booklet Number (as given on top left hand side comer of the Test 
Booklet) on the Answer Sheet as shown in the example. 


Candidates should write his/her name in CAPITAL LETTERS as given in Admit Card in the space earmarked 
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Candidate’s Name : RAJ KUMAR SHARMA 
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(i) Darken the complete circle. A light or faintly darkened circle is liable to be rejected by the optical scanner. 





















































(ii) Darken only one circle for response against each question. The response once marked is not liable to be 
changed. More than one response indicated against a question will be deemed as incorrect response. 


(ili) If the candidate does not want to attempt any question, he/she should not darken the circle against that 
question. 


(iv) For the purpose of evaluation, the Test Booklet Code as printed in the Answer Sheet on SIDE-2 will be 
accepted as final. 


(v) Way of marking: If your response for question number 3 is a, darken as shown in correct method: 


EXAMPLE-HOW TO FILL SIDE-2 CORRECT METHOD 


If your Centre Number is 2009, If your Text Booklet 
write as Number is 056789 


write as 


Centre Number 2ļjojoj9| — WRONG METHOD 


5|6|7|s|9 
If your Roll Number is 6101234, ojs 


write as 


d 
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Roll Number 
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Roll Number 
in words 


Test Booklet Number 








IMPORTANT 


The Candidate should check that the Test Booklet Code printed on the Answer Sheet is the same as 
printed on the Test Booklet. In case of discrepancy, the candidate should immediately report the matter 
to the invigilator for replacement of both the Test Booklet and the Answer Sheet. 





Candidate's Name in CAPITAL letters as given in Admit Card 


BELGRAT R oae 





Response Q. No. Response . No. Response 
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Roll Number, Test Booklet Number and Candidate’s Name have been filled in correctly. 
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Use Blue/Black Ball Point only to write on this Answer Sheet. Use of Pencil is strictly prohibited. 


The candidate should check carefully that the Test Booklet Code on SIDE-2 of the ANSWER SHEET is the same 
as printed on Test Booklet. In case of discrepancy, the candidate should immediately report the matter to the 
invigilator for replacement of both the Test Booklet and the Answer Sheet. 


Do not use white/correction fluid on this Answer Sheet. 


Overwriting, Cutting and Erasing on the Answer Sheet is not allowed. Do not make any stray mark on the Answer 
Sheet. 


Rough work must not be done on this Answer Sheet. Use last page of the Test Booklet for rough work. 
Use English Numbers/letters only to write on SIDE-2 of the Answer Sheet 


Write Centre Number, Roll Number, Test Booklet Number (as given on top left hand side comer of the Test 
Booklet) on the Answer Sheet as shown in the example. 


Candidates should write his/her name in CAPITAL LETTERS as given in Admit Card in the space earmarked 
for Candidate’s Name. Each letter should be written in one box as shown below. One box should be left blank 
between each part of the name. 


Candidate’s Name : RAJ KUMAR SHARMA 


Rjajs| [xjulmale} [siaja M a mA y | tt tT tT ET 


(i) Darken the complete circle. A light or faintly darkened circle is liable to be rejected by the optical scanner. 





















































(ii) Darken only one circle for response against each question. The response once marked is not liable to be 
changed. More than one response indicated against a question will be deemed as incorrect response. 


(ili) If the candidate does not want to attempt any question, he/she should not darken the circle against that 
question. 


(iv) For the purpose of evaluation, the Test Booklet Code as printed in the Answer Sheet on SIDE-2 will be 
accepted as final. 


(v) Way of marking: If your response for question number 3 is a, darken as shown in correct method: 


EXAMPLE-HOW TO FILL SIDE-2 CORRECT METHOD 


If your Centre Number is 2009, If your Text Booklet 
write as Number is 056789 


write as 


Centre Number 2ļjojoj9| — WRONG METHOD 


5|6|7|s|9 
If your Roll Number is 6101234, ojs 


write as 


d 


PRACTICE PAPER-3 E s2 B 


ANSWER SHEET NUMBER 


ANSWER SHEET o 


Use English Numbers/letters only. Use Blue/Black Ball Point Pen to write in box. 


Test Booklet Code 


Centre Number 


Roll Number 
in figures 
Roll Number 
in words 


Test Booklet Number 








IMPORTANT 


The Candidate should check that the Test Booklet Code printed on the Answer Sheet is the same as 
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Signature of Candidate (in running hand) Signature of Invigilator 


Before handing over the Answer Sheet to the invigilator, the candidate should check that Centre Number, 
Roll Number, Test Booklet Number and Candidate’s Name have been filled in correctly. 





